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PRgfACE 


THU..\jftlioi''s Tje(;tiiits w’ Uhivei'sify ()t*0(inibvS)je 
upon thi'iTiqfleni iiiiiniifiictiirii, tejling and iisoa of canierit, 
and those more recency deTirtjfd for the Royal Society 
and the Insfitution of Civfl (and for which Mr. 

DaTi* was awarded the Mullins Silver Medal), hiive, 
awakened a new interest in the science and teehnolofjy of 
I’ortlamI Cemenl. 1 have thus decided to publish a third* 
edition of the Author’s hof)k oji ^be subject for the inforiTia- 
tion ofieement users. , 

^ The (Uitire contents of the second ('dition have heen re¬ 
written and hroiieht up to date by tbe insertion of 
matter dealine with the latest available information eon- 
oerninfi the maniifaeture and testing of I’ortland ('ement, 
ineluflinf; a description of the newest labour savin" 
devices and testinj; aitplianees and methods, and the latest 
theoretical eonehisions as to its constitution. ** 

The .\uthor has taken )iains to make the seienee of 
cement an easy subject for study by tbe con.snmer, and 
tlie^valnable illustrations included in this new is.sue add 
additional ,S?iterest and will further explain the text to 
thos^ rdhders whose business it is to treat with Portland 
Cement. 
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PORTLAND CEMENT 


Introduction. 

CHAT’TER i; 

'riiK ii|i|ilic!iti()ii of I'ortliiiid ci'im’iif in oonci'iil constnic- 
tion covere so wide a splievc of iisfd'ulneBS limt each year 
l»ids it successfully cniployed in some new work, and 
nuifieious instances of tins jaiint to the great strides which 
ha\e heeii made during rccci\t years in the science of 
the inamd'acture of this invahialde nroduct. foundations 
fortifications, hridgcs, hreakwaters. docks, canals, dams, 
reservoirs, silos, cement-concivte streets, roads, and fool-, 
paths, with their remarkahle neatness and evenness, 
together with partitions, riaifing tiles, |>aving slabs, huild- 
ing blocks, boats, rafts, harces, caissons, and ships, and 
t*-day, entire linildinfjs, chimney shafts, atid pressure 
pijie lines, all erected in reinforced concrete, represent a 
h'w of the importatit works carried out in rortland 
cement. Tlws* ilhistratiotis tnark hut the. beginning of 
an era ’of *< ement in the field of engineering iind archi¬ 
tecture. * 

Originally invented in England about a century ago, 
Portland cement of British manufacture is still para¬ 
mount. 

l'’or siane years cement makers have been actively ett- 
gaged in building new cement works and putting down 
njwto-date |»lant in obsolete factories, with tlie result that 
for (|Hality of product comhitted with low cost of produc¬ 
tion, tile llritish manufacturer has nothing to fear from 
oversea com|)etitors, and British I’ortland cement to-day 
' has no rival in quality the world over. 

The debt wjiicli the community owes to l ortland cement 
is hardly recognised as widely, as it should hp. Its inven- 



2 MANUI'A^'TUIU'; 01' l*C)ltTLAXD CEMENT 

iiloiu' ronilfivd possil)!*' luSin ol tl)^ ixti'aordyiarv 
iircliitirliirid, iind inon' espiriallv Higint'eriiig, feats of the 
past eeiilni'v—its diiiahilitv far e\eeeding| imn* bricks 
and bnilding stone.' 

—‘IMie present excellence is tfle (pitcpiite ol years oi painail 
scientijii' ‘nvstigatrtui and study; anH, altiiougb".llie 
nanic.^of tlie inventors Xnd jlt'i'lectors of I’ortkind ceinivil 
(wko lalxaircd jinncipally during the first IfalfVil' tlic ninc- 
leentli I'entiirM are,forgotten, la'. at least, but dindy 
rcinciubered, the rt'itid] of flieir wia'k bas originated and 
assisted design It) as great or perhaps Ip a grealep f'xteni 
iban bas the introdiiclion of mild steel for constructional 
purposes. 

History of Cement—Smeaton, 1757. As to the 

history of ccuiciils, tIS’ lirsl inrorniation to be found in 
I'cgtrd to the disco\ery of I’orlhind cement or its allii^d 
materials is in the records left hy that eminent eiigiilV'er, 
.lohn Sniealon, who, during the construction of the lirsl 
Eddyslonc liighthouse, in l7o7, discovered that hy hiirn- 
ing a. mixture of lime and cla\ the resulting product 
possessed the properly of hydraiilicity. It is rcasonahle to 
suppose that the material which Smeaton then prepareil 
was a hydraulic lime as we know it to-day. 

Vicat, Fifty Years Later. — kittle notice was, bow- 
evi'i', paid to Smealoli's discovery, and some fifty yeaTs 
later the l''|•ench cbemist N'icat followed Smeaton's obser¬ 
vation to its natural and logical concliisini in making a 
cemeni by burning together finely pnlverisl'd.cbijlk and 
clay, after having mixed them into pjjste. Jfis process, 
howgver, again received little attention. 

Aspdinin 1824. In the year IS'dI the practical 
commencement of the manufacture of what vvi' know to¬ 
day as " Portland " cement look place, when the English 
mason. Joseph .\spdin, of Jieeds, found that by mixing in 
certain well-defined proportions finely |)iilverised I'halk 
with clay and hiirning the same at a high temjierature 
and grinding the product, he was able to produce 
a bydrauhe binding material fa^ exceeding in ipiality 
any [»odnct known ti|i to that time. This material 
possessed the delicJite grey colour of Portland .slojte, and 
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thus j’ecefv^ t^e mime ftf “Portland” cement, whifch 
IVanied the snlijeet of Aspilin's ott-iiiioteil patent of Oetoher 
•■ilht, 

• 

First used'in ^amev funnel, 1828.— It is safe 
to*assnm6 that one Jf the Thames^tunnels, oonstrueted 
is • 1828, ^vas the first e\j!,'inejring work of *im)iort- 
, an'ce in wlili'li ^’ortlaiul eemeiit was used. The pfiee at 
that time wtis 21s. per ea.sk at the work's, and a snpefior 
((iialitv product could lie jiuis’liasud*pjior to the war at 
soilless, per cask, so much have tlie conjlitiotis of the tn- 
dustrv itllcred in the jiasl tliree-cpiarters of a century. 

What Portland Cement is.— 'Ilie term “ Portland ” 
is limited to a hydraulic cement containinj; ])roi)ortions of 
lime, silica and alumina within certain limits, and at once 
distiuf;uisties the valttahle constructive material bearing 
t&aj title from other cementitious substances. 

As the classifications of hydraulic products vary, so do 
the definitions of Portland cement, and the o])iniona as to 
what shall be incinded in the term. 

To be iierfcctly clear, then, as to what Portland cement 
actualli is, I'cfcrence should he made to the ollicial descrip- 
lious (if the jii-oduct in th(> larj’est cement-consuming 
countries, viz. : - 

.Great Britain.— The British Standard Specilication 
defines Portland cement in the following terms;—” The 
cement shall be mamifaclured by intimately mi.ving to¬ 
gether calcareiais and argillaceous materials, burning them 
at a cMnliermg temperature, and grinding the resulting 
clinker, .so as to yrodnee a cement capable of complying 
with the, specification.” 

Prance.— In the French Government Specification 
Portland cement is defined as The product of the 
grinding of clinkered rock, obtained by burning to the, 
point of softening an intimate mixture of carbonate of 
lime and argillaceous matter, rigorously combined and 
chemically and physically homogeneous in all its parts.” 

United States of Am^ica.— The American Standard 
of Portland cement defines the product as “ Tlje finely 
pulverised product resulting from tlie o, 4 lcination of an 
intimaie mixture of proiierly proiKirtioncd argillaceous and 
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civlcarootis iiiateriiilK, and to whicli no "dcfition gi'eiiter 
■ tlian 3 per cent, lias been made sid)se(]iient to calcination;” 

Summary of Descriptions. —So i; will be seen that 
I'i’on; a study ol' these various dcscripti.ms we really arriye 
,^ at the |)oint _^tliat : ‘ , 

I'ortland cement is a chemical product obtained by’the 
prehmiriarv mechanical mixture of carbonate of lime with 
sdiea and alumina, ••which after ]iassin” throuf;li the 
siicccedin}> stiiftes of manufacture, results in a combination 
of sdicatcs and aliiminales of lime. 

The centres of the manufacture of I’ortland cement 
are well distributed over the country—^namely, in the 
North and South, Midlands, and East of Kn{;land, and 
Wales in tlio West. In Jreland, the latest ceniept factorv 
has heen erected near Larne. Jn Scotland, cement works 
are situated near (ihuscow and F,dinhur{;h. There are 
to-day about (1(1 factories in England, I in Wales, 4 in 
Scotland, and •! in Ireland. 

The normal size of a factory is one having an oul|)iit of 
some 500 to 1,000 tons of Portland cement jicr week, and 
111 the United Kingdom alone there are cement factories 
with a total output of 3,-500,000 tons of cement per annum. 

The Capital Cost of these fticbaies, ujion a. broad 
estimate of .i‘4 per ton of annual outiait, would apiiroach 
some i!14,(KX),0(b. 

The number of Employees in the industry, based 
u|K>n a figure of six tons of cement output [lef man per 
week, approximates ]‘2,()00 men. 

V 

The extent of the Industry over the World may be 

gauged from the following details of total manufacture in 
the largest cement producing countries, viz. :— 

Tons ixjr Annum. 

United Kingdom . 3,500,000 

I^S. of America ... 16,000,000 

Uiermany ... 6,000,000 

. 1,250,000 

<’«nadu . «... 1,000,000 

1 , 000 , 000 , 

. l,06b,000 




or .1 MoprRN- Dry Proc ftJiiXT Works with xhift Kii.xi 
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‘ Portland cement can be produced from materials 

containing constitnents capalde of yieldin^jT by calciiiatiou 
the silicates and aluminates of lime which form ks chict 
components: and the necQfsary constituents^of these raw 
materials arc lime, silica and alumina. Small additions 
of iron pxide are des.'rable for fliixiii*; thr.se materials. 

The raw materials ;'se(l .for the manufacture, theiv- 
foiy‘, are carbonate of lime, usually in the form 
of chalk or limestone, and silica and alumina, usually 
III the combined foriA *1 shale in- clay. 

The two hiaterials fia’ the necessiirv combinatioi} indis- 
|M'iisablc for the niamifactiirc of cement are nm alwaxs 
found u]ion the same site. For the Thames and Medway 
works, as an instance, a chalk de|K)sit, usually flinty, i' 
found on the site where the works are situated, and this, 
tof;eihcr with clay or'mud taken from the banks of the 
rivers Thames and Medway, is used in the manufacture. 
On the other hand, the ('ambrid"esliire and Bediord- 
shire works are able to obtain from one deposit all 
the necessary raw materials for the nianufacturi' 
of Poi-tland cement, ^\'orks in the Rugby and 
South Wales districts use linu'stone and shale from the 
geological deiKisit known as Lias, On the Humber, chalk 
is used, and in Ireland an indurated chalk with clay 
dredged from Lough T.arne is used. In Scotland, blast¬ 
furnace .slag is used as a raw material, and at otk u- 
works hard limestone is employed. 

'The suitability of locality depends |irimarily upon the 
manner of the occurrence of these requisite^, the location 
of the de|)osit with respect to the eemeiitvcohsuming 
market and the fuel siqiplies, for .since with every ton 
of cVment manufactured there will be used half a ton of 
coal, the location of the factory in regard to chea)) fuel 
supplies is (piite an important factor. 

Tf it were at, all possible to find a geological formation 
of uniform composition containing exactly the right 
amount of naturally mixed chalk and clav, Portland 
cement could he made from it by the cheap and simjile 
method of merely burning lumps of the material as quar¬ 
ried and grinding the resultcnt clinker, but since such 
a material has not been discovi^ed in (luantity in (ireat 
Hritain, this method of manufacture is hardjy practicable. 
f(a' a varialiop of eviui 1 per cent, of the pro^rtion of ear- 
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lionate oMhsie iirtlio riiwmiaterials, to say nothiiifi of rtio 
invfAilai' coiii|Kf!4ition of tlio otlior iiiffivdieiUs is siilliciiait 
■ to destroy tlje reliable quality of the resultant cement. 

In maiiuiacUiriiV •l’ortlainl*ceinenf, carbonate of lime 
awl clay, or other argiilaufous material, are first efficiently 
amf 'accunetely amalgamated in eerlSin fixed proportions,. 
(Other witlrthe addition of llatei‘'’'fo the raw materials or 
by the fine’j’riTidinf; and mixiiif; of the-same in llieirtlry 
state. 

The comfiosition of a prepari'd militurc of these raw 
maicfials should i>e, broaiJly, threi'-jiarts’of chalk, or cal¬ 
careous constituent, to one of clay, or ai'nillaeeous con¬ 
stituent. 

The various raw materials commonly employed in the 
manufacture of Portland ci'incnt gt the present day may 
he more d'lillv th'seribed as follows:— 

Thames and Medway Materials.— 1 n the Thames 
and Medway districts the chalk formation oti the banks of 
the rivers is (luarried, and this material is mixed with tho 
deposits of clay found in the estuaries and creeks, fi'hc 
chalk deposits.' often cotitainine (lints, which must be ex¬ 
tracted, have a (h'pth of IdO to :«K) feet, and the excavation 
is carried on bv mechanical means. The Greater part of 
yie clay usc'd by the Thanu's attd Miulway manufacturers 
is the 'alluvial mud referred to, iormine the beds of the 
rivers. 'I’he two raw materials are mixed to«ethcr in 
correct proportions by what is called the wet process of 
manufectsnv, which will be explained in atiother chajiter. 

Cambridgeshire Chalk Marls.- The chalk Huarls 
around Cambridge have long been proved to hi' suitable 
for the maiiufaeture of cement. The “ marl is a 
naturallv mixed deposit ol ealcari'Oiis tind argillaceous 
material and is to be found at the base of the local chalk. 
It differs from the main mass of the chalk above in the 
quantity of the clav it contains, as might have been ('x- 
pocted,‘seeing that the chalk deiiosit succeeded gi'ologieally 
a deposit of fine gatilt clayi, anil it is (irohiihle that dining 
the changing geological conditions the sea would not he 
at onc^ cleajed of mud. 
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Lias Formation. —In tlic cement-making' districts 
of'Wiirwickshire and Soiitli Wales the Idils formations <>! 
limestone and shale are em|)lo>ed. and these yiateriiils are 
na)st snccessfidly treated f(jr the mamifaeture’ of Port¬ 
land .cement. 'Pile thill layws of fiiHeslone, with thijir 
variation ni comiKisiMon, mnst‘ he" very aecnpitelv and 
'eflieient ly dealt with. J15 vvorliing the Lias formation itys 
found that the |)re|ionderanee of shale iir |)i.'o|)orlion to 
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limestone (vvltieh is generally found to contain 78 to 83 
.(ler eenl. of carhonate of lintel renders the cost of working 
lieavy, becaii.se of the removal of surplus clayey material 
not required in the manufacture. 

The Lias formation consists' of layers of impure lime¬ 
stone of varying thickness, ranging from Sin. to 2 ft., 
and parted by bands of shale and clay, the total thickness 
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of shale l)eds^consulerabl> exceeding, as a rule, that of Wie 
liineWone, whifli necessitates removal and tiiiping tlie 
waste.* 

Northeril Wdrhs and,<fiaterialB. —On the Tyne, 
T«es and Humber JmUn.thf*North of England generally-, 
J’octland Bsment is sometimes manfifaetured froiii chalk, 
OB the siiot or im|X)rted I'rhm ti'ie Tlnimes, Medwtiy or 
tiii.ssex distficts, and this is mixed witlui local clay found 
on the site of the works. From,this mixture a good 
quality cement is manufactured. ' 

Sootrand.— Nfar Edinburgh pure limestone is mixed 
with lower grades of stone. Other lA'ottish works use slag 
as a raw material. 

Ireland.— Near Larne, a deposjj of indurated chalk (or 
limestone^ is employed for the manufacture of cement.^iiui 
tlii* is intimately mixed vvith clay dredged from the Larno 
Lough. 

'I’he above descriptions deal with the most ini|K)ttaiit 
deposits of cement raw materials over the country. 

In the I'nited States most of the cement produced is 
from the Lehigh Valley argillaceous limestone, which con¬ 
tains rather more clay than is reipiired for a correct mix¬ 
ture. To this a small amount of pure limestone, usually 
K) to 20 per cent., is added to bring the mixture up to the. 
necessary |)ercenl,age of calcium carbonate required in the, 
manufacture. 

• 

SumniAry of Raw Matorials.— It will thus be seen 
that, given chalk ivnd a suitable clay in ajiproximate, pro- 
]iortiniis of 0 to 1, or lime with silica and alumina ir any 
other form, but correctly iiroportioned, it is of the first 
importance that these materials shall be treated with a 
full knowledge of the all-important chemical and mechani¬ 
cal operations of combining them, which alone can seciiro 
the manufacture of a reliable jiroduct. 

Raw Material Mixing.— The mixing processes by 
which these raw materials are brought to the condition for 
chemical combination will 'oe duly explained in detail, but 
it should be emphasised that the preliminary mechanical 
blending of •the raw materials for Ihe %ianufacture of 
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Portland cement is a stage reqiiifing the ntntort-technical 
skill. The tlioroughness of the process primarily dbter- 
iiiilies the ipiality of the resulting cement j and‘if tlie. 
mannfacturer js to ttirn out it pnxluct «f reliable quality, 
tjie scientilic supervision of this bran^h»of tfie manufa<'tiue 
is ol paramount inquirtance. 

‘ Tlie.'hrst conditions 'vf any method of prejiariug fav.’ 
materials for Portland cement manufaeturmra—that they . 
.'-hall he (1) correctly ju’ojtortioned, (d) very finely com¬ 
minuted. and (dl thortatighlj*mixed. 

Tlie pro])ohious of chalk and clay imist l)c ktytV to a 
slaudard as <'lose as possible to the ascertained aualy.sis, 
and this at the pr(^ent lime, in the most successful 
eemeid works, is carried out under the supervision of the. 
works’ chemists. 

It is, firstly, essentia? that extreme care should he exer- 
cisefl in obtaining the correct jwoportious of the chalk aul 
clay, or whatever other raw materials may he used m'ihe 
jirocess, so that the resultant mixture may Ik- relied ujion 
to contain the exact chemical constituents necessaiy for 
the manufacture of a thoroughly sound cement; for, if the 
raw materials are not mixed in this ju'oper proportion, 
notliiitg can he <lone later to correct it, and the result will 
he an inferior product. 

'I'he pro|iortioning of the ingredients is goverired by 
continuous hdairatory checking of the raw materials ars 
they are (piarried, and this testing by the works’ (diemi.sts 
goes on night and day, as long as the uumufaeturc is 
proceeding. » 

ITow the next preliminary condition of the mltmfi'acture 
can best be fidfilled—that of the redfiction of the raw 
mah'Fials—di'pends chiefly upon their character, so that 
the details of the methods adopted by manufacturers for 
grinding generally vary with the nature of the raw- 
materials used. 

Two Processes of Mixing.— There are two prin¬ 
cipal methods of reducing and mixing the raw materials : 
firstly, b\ the “ Wet Process," applicable mainly, al¬ 
though not solely, to soft materials, the con-ect quantities 
of the ijtw ingredients being gAtimg and mixed by the aid . 
of li eonsiderahje atjiouut of water; secondly, the “ Dry 
Process,” in which the iierfeetly dry mateciate are ground 
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together foten impalpable powder or " floor,” and s^d)- 
.se<piently mixed to coiTcct chemical projiortions. 

Wet .Pifooesq.— The wet process of mixing the raw 
materials is pflrticylSrly adijiSed to such miiterials as are 
t^ofily disintegrjited •hy• the addil|))n of water. This 
piethod of mixing, as originate^ and de\vloi)ed'in tho 
Linited Kiggd^ni, is employed to a considerahle extent hy 
the niamifactiirers of cement on the Thames *and 
Meilwav, which is still the <’hief*«eaj of the industry. 
By Uiis jirocess the soft chalk, as (juarried, and 
clay aff weighed into what i.s called a ” wash-mill," 
where a large amount of water ii* added. The wash- 
mill is usiiall\ a cireular hrick-lined pit, often of some 
15 feet or more in diameter, and a feet deep. In the 
cent I P of this pit is a concrete «• hriek pier, carrying a 
jertical ffliaft, driven through a crown-wheel and pinion. 
TIte vertical shaft carries a i-ircnlar framework, from 
which are sus]iended harrows fitted with steel tines. Tho 
jiassago of these tines through the chalk and cla> 
suspended in water tends to break up the lumps, and 
convert the mixture into a li(|uid of thick, creamy con- 
sistemw, which is kept m the mill until it is fine enoin;li 
to jiass the screens covering the outlet ports. The product 
of the wash-mill is termed slurry or slip. 

In some instances the further reduction of the raw 
materials is elfected in wash-mills alone with fine screens, 
while with some harder materials it is necessary for the 
slurry to he^tit'afed finally in the luhe-mill, or put through 
a sep»ra*ing mill, while, with hard materials crushers are 
reipiired, and baU and tiilie.-niills arc used with water for 
fine grinding. 

Slurry from a wash-mill iilant contains about 41 ) per 
cent, of water, and when finally ground leaves a residue 
of less than !’> jier cent, of its solid constituents on a sieve 
of :i' 2 , 4 ll() meshes per sipiare inch. 

Wet Tube-Mills. —Th« tube-mill, as used for wet 
grinding, consists of a drum (about 20ft. long and Oft. 
(lianieter) made of steel, and protected against wear and 
tear by renewable cast-irlin plates. The drum is nearly 
half-full of flint stones, and its interior is easy of access 
through nmnholes. The raw mixture pfevioiisly reduced 
hy the wash-uiill flows through a hollow journal into the 
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rpywlvitifi {;rin(.linj; (Irmn. Al'ti r ')eiii}; tlioroivl'l.V ground 
liytlie flint stoiK's, thf material is discharged througIC tlie. 
hollow journal at I he <i|i|H)site end. 

Thick Slurry ProceBd.-.-lu thv„lateS.t jiractice the 
w'et ))roeess is sonie^what modified to allow of harddr 
materials' than chalk' ajjd cl^iy being treated thereby,. 
'I’his iiiodillcation is known as the Thick,.Khjrry " pro¬ 
cess" and the raw materials are first of all crushed to a 
si/e not exceeding a 2, iiich cihe, then passed into a mill 
ol the hall-mill t^ype— i.r., a rexolving drum containing 
steel halls up to o inches diameter, together with a''stream 
of water. The jiartially ground slurry is.suing from the 
hall-mill is then treated by a tube-mill, where the final 
reduction occurs. 

■' Thick shirr\ " cont*iins about :i2 per cent, of water, 
and is iisuallv even more finely ground than \Vash-inill 
shirr\. 

Dry Process. —In the dr\ ))roccss method of dealing 
W'ith the raw materials for cement manufacture, the cal¬ 
careous and argillaceous materials, of whatever substances 
they may be coni])osed, have first to he dried after passing 
the preliminary crushing maclunery. The dryers often 
take the shape of expensively constructed brickwork kilns, 
hut, with the more general adoption of the dr\ process of 
mamifaclurc, little time was lost in inventing a less costly* 
and more eflicient plant, which could also he worked at a 
much reduceil lahoui' cost. The dryers now usually em- 
plo\ed, therefore, in the most modern planti? consist of 
revolving iron cylinders or drums, sonieJiO to 50 feet in 
lengthy and about 1 feet in diameter. Those rotary drying 
drums are siijiported on steel tyres resting on heavy 
friction rolls, and the drums are rotated when in use at 
ji speed approximating two revolutions per minute, and 
*are usually set with an inclination of about one-half inch 
[)er foot. 

■ The raw materials after |)assing the crushing rolls are 
introduced into the up])er end of the dryers, and are im¬ 
mediately ea light by cascading channels fitted inside the 
drums, which lift and drop the cru|hed raw materials as 
the drum"revolves, an^ present them to the hot gases pass¬ 
ing through the drums in the opposite direction’to thd way 
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file imtei'iais Ire trdvcHiiif; to the lower or outlet eTul. 
The’wiiste heii^froni the kilns is thus employed for drying 
]uir|)o^s; or, ii};ain, funmees are sometinu's arranfjed to 
rolury dryew f^or the cxteinal„heatin" of the dniin. 

•Dry Grindiiig and Hixing Raw Haterials.—Th'e 

raw matenal, after being iTushed^ind dried, niiist then lie- 
reduced to*an ^xtreinely tin*' jiowder or ' flour ” By such 
plant as is adopted for clinker grinding (and which Vill 
he explained later) and tligii ciyufully and tliorouglilx 
mixed to the projier chemical pro|iortions herwre being con- 
veyeif to the kilni*for burning. 

Materials Necessitating Hrf Process.— This dry 
process of manufacture has been emploxed where the raw 
materials cannot he satisfactorily reduced by wash-mill 
plant. It has been adopted in til^ Rugby and Wales dis¬ 
tricts aiiifin the Cambridge district also, hut is now.^o a. 
larfie extent, being superseded by the thick slurry [ir(K’ess. 

Processes in America.— In .\merica and Canada the 
dry jirocess is generally adopted, and in other countries 
extensively producing cemeiii the dry process of manufac¬ 
ture is considered a less costly melliiKl than the wet 
process, hut this again depends ii|K)n many local features. 

Preparing Raw Materials. —It will he seen, there- 
iire, that in jireparing the raw materials lor the manu¬ 
facture of cement, the chalk and clay or other materials 
of similar com|Kisition must first he reduced to the utmost 
fineness, eitycf by the addition of water or by dry grind¬ 
ing, eidier of which iirocesses breaks down tlie cohesion 
between the particles, and leaves the material in a very 
finely divided state, the jihysieal properties of the ifspec- 
tive materials to be dealt with generally determining 
which method of reduction is to he adopted. 

Final Composition of Raw Materials .--Before 
the prepared raw materials pass to the next stage in the 
manufacture—that of burning—the composition of the raw 
material mixture is ascertained hy analyses and tests, and 
the carbonate of lime (familiarly known hy its chemical 
formula, CaCO,) should htf kept within, at most, one-half 
jier cent, of the quantity found to produce, the best Jenieiit. 
This percentage varies slightly in different works, accord- 
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iuf; to the iiiiiiiy geological t'oriuations cbiitriJ)Uting to the 
Jiilinufacture, hut, broadly, a combiuation'of 75 per cent, 
of chalk and d5 jier cent, of clay will iwoduce a ccn.cnt of, 
good quality. Jf any carelessness is permitted in the mix¬ 
ing jmaa'ss the results arc likely to'bg disappointing, for 
when the pi o|)ortion( of clay runs loo high (or, say, the 
■pcrccqlage of lime carbfuate,-falls below 75) a'componn'i 
IS obtained which, in the burning process,, will fuse at' a , 
temperature lower than tliiit required for the production 
of sound clinker, thus'iiendMing it comparatively useless. 
On (he othcr’hai.ul, an excess of chalk (above, say, 78 per 
cent.) will allow a mixture to sustain the highest fcmpera- 
ture in the kiln wilhPiit risk of fusion, but the resultant 
clinker would be of doubtful ipiality because of its higb- 
liming or expansive tendencies when ground for cement. 

Again, a. variation ini the amount of carbonate of lime, 
e\efi to otie-hiilf per cent., is found to alter apjireciablv 
the tensile .strength of a cement—namely, high lime'in¬ 
creasing the strenglh, and low lime producing cement of 
little strength. 

Analysis of Mixed Raw MateriaIs.~Thr chemic¬ 
ally mixed raw material prejiared in the ordinary course 
of manufacture may, therefore, analyse in this nay ; — 


Silica 

.. 10.5 jK‘i' 

ront.) 

Aliiniiiia and nxidr of inm 

... «,5 

. 

Uiidrtpmiim'd 

... (1.5 

) 

CnrlHumtc of lime 

... 75.5 

1 

(VrlxMiaU* of nia^nosia 

1.0 

.. *.*■ 


From such a material, if properly treated in tlie•further 
stages of manufacture, a good commercial cement, testing 
(neat' at least 650 lbs. per square inch in seven days, 
should be jiroduced. The raw materials after combination 
are then carefully mixed and proved before proceeding with 
the manufacture. 

Burning or Calcining. —The next stage in the manu¬ 
facture of Portland cement, following the scientific and 
incehanical preparation of the raw material, is that of 
burning at a high temperature, or calcining, the raw pro¬ 
duct to the point of slight vitiifaction, resulting in what 
is comfhonly called a cement “ clinlj^r.” 

As will be seen from the foregoing description, Portland 
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ceinent cousibts:i)f a clieniical co»nl>ination (if Uine, silR'a 
iiud alumina, and these materials are combined tojictli'er 
'under Mie action of great heat, tims hecoming a mixture 
of silicates asd^lumi^ates of lync. The resultant material 
is, grotind to an imyali'aldh |K)\vder, after which the 
prodtict is jead.v for the inarket. 

N3ilioate4 a«d Aluminates'of Lime.— In the raw 

materials it will he observed that there -Ls no comhinafiou 
between the carbonate of liny; on.tjiu^one hand atid tin; 
silicate of akimina on the otlu'r hand.* In the. conversion 
of the*i)re])ared ram- materials into cemenf clinker h,\ hnrn- 
iiig, the silica and alumina of the ckiy immediately enter 
into comhination with the lime, thus formiiig calcium 
silicates and aluminates. 'I’hcse com|K)unds arc the im- 
portaiit constituents ol a l’(a'tland <'cmcnt, and gire to it, 
wjicn conllimed in thi'ir pr()|ici- |m)|)ortions. its hydrimlic 
properties. 

Impurities in Raw Materials. None of the 
cements of commerce, however, are made up wholly ol 
these three ingrcdii-nts, for the raw mati'rials from which 
('(MiKMit Is made are never ipiiti' puri'. It has Imhui iound, 
lor mstancc. that iron oxide behaves, in hiiriiiiig a mixture, 
Ihi' same as alimiiiia, and that a giMid cement could lu' 
made in which all the almniiia was replaced by iron 
<Kide, but tbc essential elements of a good cement are that 
It shall contain at least the nccessai) amoiml of silica and 
lime. 

Hea^ JR^ulation. —The calcining process is a |Hirely 
chemical one, aiii^ it is a. stage of the matiulacliire in¬ 
volving great responsibility; for, just as in the jiidmary 
blending ol the chalk and elav, a faulty mixing can iriako 
or mar the ipiality of the cetiieni, so can the deficient 
burning of the material destroy all tjiat is valuable in the 
finished jirodnct. If the heat be not siifficient, the neces¬ 
sary chemical l•hanges do not take place, and an eipially 
unsatisfactory result is obtained. 

Degree of Burning.—The proper degree of burning 
is indicated by the formajimi of a dense greenish-black 
clinker. Light-burned clinker is yellow and soft while 
over-burned clinker is fused and slag-like., Thernumiclric 
measufemenfs made during the process of calcination 
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sIlUw for iioriiial I’oitlaml eminent bii.;nillf; a teiiijiera- 
tiii'f is rf(|uii'C‘d in the kiln ainoiintinf' to about 1 
Centif>rade, or •J.5II0° Fahrenheit. This teni))era1.tire is' 
Viii'iiilile, iiceorditif; to tlav pereeiit^tge of tarhonate of 
lime eoiitaine<l in the raw n’tateriajs-'*lliat is to say, tJie 
hi};lier tjje |ad|iortioil of lime th(“ higher the temperature 
wliieliiis neees.sarv to |Wha't‘ eouiplete difl'usiou in eok*l- 
hiiiiition oith siliea. Iron o.'iide also ha# tHe effect of' 
l■<'dlll•m'^ the clinkerin;' lemiK'rature. 

t i f 

Types of ICiln8.-The kilns for hnrniiif' tlie ran 
materials are eonstrneted for either an “intermittent" 
(U' a " <-ontinnous “ pVoeess. The intermittent kilns, now 
rarely adopted, tire those employed in the wee jaoeess, 
and are of siieli a dc'sign that the hiirnitif; necessitates 
distinct loaditie atid diliwine operations, divine, interinit- 
tenf workitijf, and detnanding the eoin[)let(‘ cessation of 
the httrning process during the drawing operation. Since 
this method of manufaettire is one that soon will be dis¬ 
carded, it is not necessary to devote much time to an ex¬ 
planation of working this type of kiln. 

Continuous Kiln— In the eonlinuous kilns, the burn¬ 
ing of the raw material proceeds withottt a break, and the 
drawing of clinker takes jilaee at the same time without 
inlerntptiott, thus making a continuous process. , 

Fuel Economy with Continuous Kiln.—Con- 
tintiotis kiltis are generally costly to constn;pt, and require 
skilled labour for their operation. These Jiilns are 
economical in fuel, and where they are used the calcining 
process is much more regular, and the cement is of better 
qualify. 

The Rotary Kiln.—In the category of continuous 
kilns is included therotary ” kiln, which is the most 
modern appliance for calcination and the most widely 
adopted. The manufacture of cement by the rotary kiln 
niay he said to have revolutionised the industry during 
the past twenty years, and this method of burning the 
raw materials is, perhaps, the» most fcientific and prac¬ 
tical indention that has been introduced into the manu¬ 
facture since IVtland cement was first knowi\. Al^iougb 
the use of this kiln is a technical and expensive process, 
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■jnvolfing hoavv'capital outlay and a hifih cost of prd- 
^liction and continual uj)keep, there is nothing yet in 
sight to outclass this inventi^m in the manufacture of 
Portland cement asrfjJrried on to-day. 

% * * # 

Rotary Kilns in U.S.A^an<^ Europe.— More than 
Dtp per cent.*, of, the cement manufactured in the tJnited 
‘States is produced hy tlie rotary kiln; And in Europe in 
the majority of cement works, this»l»ilij is solely adopted. 

• 

QuiHUy of Rotary Kiln Cement!— Although the 
rotary kiln was the subject of much.d()ubt and prejudice 
when first introduced, it is safe to say that no new cement 
factory would be erected in the present day with any 
other ly|)e. while it is probable tlr^t 1)0 ))er cent, of the 
ci'iiient us«d in the I’nitcd Kingdom is the product of tiiis 
"kihi. 

The kiln consists of a slightly inclined steel or wrought- 
iron cylinder, usually from fOt) to 200 feet in length, and 
0 to 9 feet in diameter, and is inclined to the horizontal 
at about 1 in 30. The size of the kiln within these limits 
determines the quantity of the output—a rotary kiln 200 
feet long and 9 leel diameter ))roducing 1,200 tons of 
clinker a week, with night and day running. The rotary 
kiln is lined with radial firebricks, 0 to 9 inches in thick- 
nAs, and (he long cylinder is moimled on tyres running 
on rollers, and is slowly rotated by gearing. 

• 

Rotary,P^ocess of Burning. —9'he cement-making 
materials, after du^preparation, arc continuously fed into 
the kiln through a ])i])e at the upper end in the foriw of 
cither a litpiid (slunyl or dry |x)wder, acertrding to the 
process adopted in preparing ami mixing the raw materials. 
Finely ground coal is almost always used as fuel, and this 
is intrtKiuced into the lower or outlet end of the kiln by a 
jet of air issuing from a blast fan. 

Fuel Ignition.—When the kiln is started the fine 
coal is ignited, and after a time a white heat is obtained 
in the lower end of the cylinder, ll'lie raw material is 
then fed into the kiln, and, as it gradually descend?! into 
the zonq of hgat generated by the perfect Combustion of 
the finely ground coal fed into the cylinder from the 

n 
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opposite end, it parts with its carbonic acid, forms--little 
balls which reach a nearly white heat in the lower third 
of the kiln, and finally issues at the lower,end as well- 
Jiiirned clinker in grains up t<u about llic size of a larfte j)ea. 
The gieatiist heat ip naturally neat the fuel jet. or outlet 
end of the kiln. ■ 

The ojieration of calcining is a contiumais one, and 
with proja-r care, under- or ovcr-hiirninf; may he avoided. 
'J'lie hot clinker is l•onl.■d bv-paasinc throu"h rotary cooling 
drums, similar i;i form to tile rotary kiln, but much smaller 
in size. > '• 

Cooling Drums.— The cooling drums now generally 
111 Use in Ibis conniry arc placed al tbc lower I'lid ol tin- 
kiln, ,and receive thc,!iot clinker as it drops iinally from 
the kiln. Coolers generally consist of steel tubes some 
■Jt) feet long and d feet in diameter, containing cascadi'ug 
channels for lifting and drop|iiiig the hot clinker as the 
coolers rotate, thus presenting i1 to the cold air passing 
thrnugli the cooler on its way to the kiln. They rotate at 
a soniewliat higher speed than the furnace tube, and by 
the air for the latter being drawn tbrough the, red-hot 
clinker a- fair proportion of tbc otherwise lost heat is 
retained and utilised. When th(> clinker issues from the 
coolers it is ipiite cold enough to liandle, and to pass to 
the liirlber process of grinding into powder. 

Hut before this stage it is necessary to point out that 
all rotary kiln plants with ground coal firing must include 
an afiimratus for the drying of t.lii' coal to oe^'js^fl in the 
burning, and also a grinding jilant to ipiable the coal to be 
finely pulverised before entering the kilns. 

Desoription of Coal Dryer. —The most eommon 
design of coal dryer consists of an inclined steel cylinder 
encased in brickwork. The hot gases from the fires of the 
coal dryer or from the clinker cooler, coming first in con¬ 
tact with the cylinder at Ihe point where the wet coal is 
introduced, pass along and around Ihe tube on the way to 
the chimney-stack, which is located over the discharge 
end,,whilst a separate chimney a^t the feed-end of the 
rotary coal dryer permits the steam from the moist coal 
.toeseaiic, and gives an outlet tor any aceiiynulating gases 
or coal du.st. 




Modebn Portland Cement Factorv.—Rotary Procf^s. 







20 MANUFACTURK (JF PORTLAND CEMENT 

■ Operation of Working.— The wet Ooal is introdiiced 
at one end of the heated drying drum, and by means'of 
eafi(aiding channels inside, iind the slow rotation of the in¬ 
clined cylinder, the coal i)as.-os throlif/h the dnnn, and hy 
the lime it arrives at the outlet’end the dried coal is. quite 
suital'le for the jnir|)(< e of line grinding for use itr the 
rotary kiln. • ■■ 

Coal Grinding fjid Delivery.— Front the dryer the 
extal falls into tt. conveyor, iind is carried automatically to 
the coal-grindiiig mill, which contains machincy for 
reducing the dried small coal to an inigaljtable flour. P’or 
the process of cttal-grinding the usiiiil hall and tube mills, 
or Griffin mills, are retiuired, tind this jtlant is, therefore, 
similar to the clinker-grinding phint, jiartienlars of which 
wit| be given in a later chapter. The finely grqimd coal is 
then taken to the kilnhonse, where it enters the co.il- 
hoppers placed in front of each rotary kiln, and from these 
hoppers an automatic, feed conveys the [xiwdered coal to 
a point where it is met by the heated air blast from the 
fan to the, kiln. When reaching the heat of the kiln the 
powdered coal immediately hursts into flame, and the 
intense heat in the kiln is thus ke))t continuously regular 
by the constant coal feed. 

Percentage of Fuel. —The quantity of fuel used 
in burning cement by the rotary kiln is from 25 to 
35 per cent, of the clinker ontjrat, and these percentages 
vary considerably according to the processiof niannfactnic, 
the quality of coal used, the fineness of grinding,,*and the 
facility with which the I’aw materials,are burned. 

Qliality of Coal. —A satisfactory coal for the rotary 
kiln is generally obtained from the varions bituminous 
coals found in the United Kingdom, but it is desirable that 
the jrercentage of ash in the coal should not e.vceed 10, and 
that the coal should have a calorific value of some 12,600 
British thermal units per lb. of coal. 

Clinker Grinding. —To proceed with the manufacture 
of Portland cement, and in arriving at the succeeding and 
final ytage in the process, we have the grinding into an 
cxtrehiely fine ]X)wder of the eliflker wliich comes frotii 
the kilns. I’iiis ])rocess has exercised quite a large pro¬ 
portion of ingenuity during the past few years. 
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So much attelt'ion has t)f late heeu devoted to the mami- 
factifre that, ay regards the mixing of the raw materials 
liii thek' due proportion and the proper calcination of the 
mixture so cjhtainqd, one brand of clement may be said to 
be very much like apcftlier, pjovided the works are suitably 
designed and the various' details of ^hc manufacture are 
carried out’with care. • 4 ^ 

Quality Vin^ Fineness of Cement.— The (jueslson 
then arises—What constitutes a high-class cement? To 
which (juestion tlie answer is—ThafuiS inie tfst of quality 
is in Mie tineness^o which the cement i# ground—always 
provided, of course, that the material^ are carefully selected 
and the various stages of manufacture, are properly carried 
out. 

It is not intended, however, that the scientific qualities 
of cement.produced by grinding to various degrees of fipe- 
nt'sj shouhl he here dealt with. 1 propose now merely to 
describe the machinery generally employed in the process 
of clinker reduction. It must he exjilained, however, 
that in clinker grinding not only is it necessary that a 
certain degree of fineness he attained to make a satis- 
I'aclorv (|uahly c<Mucut, lint that also as largo a ))ro|X)rtion 
of " flour ” as possihlc shall he contained in the finished 
firodnct. By “ flour ” is meant the. extremely fine par¬ 
ticles of cement in which flic cementitious property of the 
rilaterial is believed to reside, [irincipally, as ayiart from the, 

residue,” which consists of practically inert material. 
These are termg which, as is known, are tised in the testing 
of cemyiyof fineness. 

Clinker CrusMnif. —A\ ith lumpy clinker the first 
stage in its reduction is generally carried out an 
ordinary stone-breaker, or crusher, or by rolls, which re¬ 
duce any large liinqis to sizes from about -{-inch cube down 
to coarse dust, and after this oyieration the clinker is con¬ 
veyed to the fine grinding machinery. 

Ball Hill. —Tn ino<lern works the preliminary grinding 
of cement clinker is carried out by the hall-mill, and from 
this mill the coarsely ground material is conducted to a 
tnhe-mill which finishes th» fine, grinding previous to stor¬ 
ing the eement. The ball-tmll consists of a cylihdrical 
grinding drntji, mounted on a steel shift ntnning through 
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|m)vi(l<‘(l wiili a tifihtly .clohed si <.‘et,-ir(m casino. 
The j^rindin}; driiiii is composed of o^trlappinf; ■steel 
blinding plates, m oiie-lialf of wliicli are lioles for tlie 
ground material to lind its way tliroiielj fo tl(e line sieves 
■;\termdl\ siirroimding tlie dfiim, add, fhidiigli vvliicli the 
somewlijit coarsely gtoiind cement jiasses, and is convey^d 
to the tiihe-mills foi’ liv'ir grinding. The crii.sliing action 
of the hall-mill is cati.sed h\ the revolvjny ol’ the (hill'o, 
uliich contains a' mimher of steel halls of various sizes 
hetweeli uhich the,clinker is eriished and pulverised. 

Tube Mill. —f^or the finishing jirocess—the fine gi-itul- 
ing proper- the tiihe-mill is em|»loyed, which grinds hy 
means of the round Hint stones or steel pellets confajned 
within it. 

1’he. tiihe-iiiill consists of a wrought-iron revolving 
cylinder, with hollowed pivots at both the feed ami delivery 
hearings, and is ahoiit one-half full of rounded Hint stone’s 
or other grinding medium. The coarsely ground cement 
is fed from the hall-mill into one end of the tiihe-niill, and 
the rotatory action of this mill, similarly to the hall-mill, 
finely pulverises the cement as it jiasses through the falling 
flint stones to the delivery end. 

Degree of Fineness.— The finished cement is ground 
siitlieiently line to pass through a. t80x J80 iiu'sh sieve with 
about to percent, residue, and liner grinding can be readily 
accomplished hy the nianufaeinrer if necessary: hut this 
means a reduced output from the plant. 

Stores. —From the grinding mills the ee'ment-is con¬ 
veyed into the stores, and after it liafi cooled down the 
matcyial is ready for loading out at the factory. 

.^s to the storage of Portland cement, it is generally 
considered that the longer the cement is kept in stock the 
more ri'liahle it is found to he in use; hut the modern 
product of to-day’s matmfacturc requii'cs neither storage 
nor aeration to (irovide and ensure the success of its 
quality. 

Aeration of Cements. —With the product manu¬ 
factured yi'ars ago it may have been necessary to aerate 
cement for some considerable time" before introducing the 
same into the ‘.vork, hut with the cements jjianufectured 
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o-ilay this is qilito muiec^cssavy. The ueration of ei'iiuait 
s a eafeguarSing process iidopted by enfjiiieers wiHi ini- 
lortaiij work, and was, [lerhaps, then advisable to 
■liminate an^ “ free lime ” that mi};ht have been c,on- 
ained in the •tnafcrHl, as ;)ti underburnt or ciirelessly 
lAnufactured cement would contain a consideriible 
luahtity. <'enient such as this w^'iiltl, when mixed with 
cater, set ^iii^klx, and sooner or later the jiartitJles of 
■ free lime " absorb moisture, and chanpe from what 
s termed " ipiiek lime” .t*) a hydrate of lime 

*a(HO),, iind Ibe expansion wbieh accompanies this 
banpe produces lamnous cracks in tbe luirdened cement. 

The old idea was, therefore, that jf the. cement be ex- 
loseil to tbe almos|ibere for some time before iisinp, any 
rec lime which it may contain will absorb moisture from 
he atmosphere and become slaked, and will not then be 
iable to (anise injury to the concrete after settiu". But 
.Vwiienl made from accuralelt mixed raw materials, well- 
lurnl and liiiely ;;round, as all (JikhI ceiiieri!' should be, 
dll not rei|iurc any aertiliu;^ ]irocc.ss, and as soon as tbe 
emeiil is maiuilactured it should wilb.slaiid the recouiiised 
ests for iiualil>. 

Cooling.- II IS desirable, bo\ve\cr, that the material 
lioiild be cooled down belorc loading into baps, and, lliere- 
iire, tb(' maiiulacliircr c,.|ierally arraiipcs that be has 
siffticiciit (iuantit> of iiialerial in slock to provide that 
ciipiiicers arc supplied with a perfectly cool cement for 
ibeir work. 



The Composition (>f Portland Cement. 

CilAITKK II. 

ilvvixd tiivon in ^In'ivC ontviiic n <lrfiniti(i]i of I’ortinnd 
cement as igdreiv^rally ac,cei)tpd to-day, and also a dy^gcrip- 
tion of tlie nianid'actiirc as nsnall\ adopted in tlie toiited 
Kinnidoiii, it niay now he necessaiy to «ive a resume of 
our present knowledge and tlie existinj; theories as to the 
chemical constitution of Portland cement. 

In this respect theie are two oulstandino features of 
prifne importanee to consider in relation to the 'properties 
of the raw materials which are used for the inanufacliire 
of Portland cement. These are known as tin* “ Lime 
Ratio ” and tlie “ Silica Ratio.” 

The tests for the chemical composition of cement are. 
delilied in the British Standard Specitication as follows, 
vi/,. :—■' The propoi'tion of lime, after dcdnction of the 
proportion necessary to conihinc with the sulphuric anhy¬ 
dride present, to .silica, and ahiinina when calculated lin 
chemical equivalents! hy the formula, 

OaO 

Si02+Al203 

shall not be greater than 2,8.5 nor less than 2 (). '1 he'percen- 
t.'q'e of insoluble residue shall not exceed L5 jier cent.; 
thatbf magnesia shall not exceed 3 per cent.; and the total 
sulphur content calculated as sulphuric anhydride (SO3) 
shall not exceed 2.75 per cent. The total loss on ignition 
shall not exceed 3 percent.” 

For instance, in the case of a cement containing 63.28 
per cent, of lime, 21.6 per cent, of silica and 8.16 per cent, 
of alumina, and 2.00 jier cent, of sulphuric, anhydride, 
the profxirtion of lime, after deduction of the profxirtion 
necessary to combine with*' the sulphuric anhydride 

(24) 
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juvsifiit, to iiiul aUiinina will be found to be »8 

’l()llo\fi<:— ' 


* Molecular weijrht of lime 

». •,. silica -■ 

• uJiiininii lU- 

„ Huhihurie unhytlrule 80 

Lin^' eoinlmun}; with I’.OO per cent. 8f tmlpluirie 

^ O iu\ V full 

anf^vilrilo — “* ” 1.40 p' t cent. 

011.28-1.-10 != 01.H8 |H*r cent. Lime. 

« 

♦Ijiioe , (CaO) = 

Silica (Si(b) 


Alumina (AI.Oj) 
t,'aO 


• “ . 
01.SS ' 

50 

21 . 0 * 

on 

S.IO 

Jt»2 


Then 


SiOs + AM)j 


IMO 
= 0.50 

O.OS 

1.10 

0.30 + O.OS 


= 2.50 


The Lime Ratio (leieriiiiues the )iro|u)rtiou (m cheiuinal 
equi\alenlN) between the lime on tbe one aide and the 
silica and alumina on the other, and the idea underUing 
the limits iinjio.sed bv the Hritish Standard Specification 
(viz., ‘2.0 to 2.8.5) is tbat a true J’ortland cement must 
c^ntaiu at lea.st ‘2 molecules and not more than 2.85 mole¬ 
cules of lime to one molecule of silica, and one molecule 
of alumina, 'i’hese limits have an empirical basis, and 
the lower limif serves to exclude slag eemeiits, or those 
cement* (rrodueed from slag without jiassing through the 
process of uiauiifaicture defined in the Hritish Standard 
Specification, wliilc the upper limit is a safeguard against 
an excess of lime, which tends to unsoundness. 

In ordinary practice the limits for the production of 
good cement are 2.'1 to 2.8, anil coimnercial cements 
usually have a lime ratio not far from 2.6. If the lime 
ratio is below 2.4 a low tensile strain may be expected. 

■ and if the lime ratio is above 2.8 high expansion tests 
often occur. 


The Silica Ratio expresses the actual proportign (not 
in chemical equivalents) between the .percentage of silica 
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and the sum of tlie jjercentages of alumiii^i and iron oxide,, 
viz.;— 

iVrc('nlAg«‘ of Silira 

.suit a loititt Vt-m-otagf of Aliinima -j-.Pfrioitiigtoof Inm Oxitfo 

C 

The .silica ratio Vaa a connection not onl.v '\itli the 
quality of the iiiateriiiKhiit niso with its hohavioiir wigle 
iii.the kiln. Dealing first with the (|iialit|v : '.i high silica- 
11111(1 li.c., aliove 2.7) tends to |iro(liieo a slow hardening 
i-enient. es|ieeiiilly,tt'iil-n tlif- raw inaieriids iire cidcined in 
rotary kilns', aiyl unless the silica is ^in a fine.state of 
division there is also a tendency to inisiaindncss and low 
tensile strength whPn im.ved with sand, both defects 
arising from inconijilete eoinhination hetween lime and 
silica. 

On the other hand, fi low siliea ratio tends to ]irodnee a 
(|nfek hardening cement which develo|is its slrt'iigth nt 
an early dale, so that Ihe merea.se in tensile strength from 
7 days to days demandeil hy the lirili.sh Standard Sjieei- 
fieation mav fre(|iientl\ not he ohlained. 

With regard to the stage of hiirning to the point of 
incipient fusion the prepared raw materiids in the. kiln, 
materials with a high silica, ratio can only he " clinkered 
as it is teehnically termed at a very liigh tcin|)eratnrc, 
and this involves imdiic wear and tear on the brickwork 
lining of rotary kilns. *' 

On the other hand, materiids with a low silica nilio - 
say, below d.li—more readily clinker, 'and thus clinker 
rings are fornu'd in working the rotary kdn,iwhieh .some¬ 
times block the kiln, and can only he dealt w'ith by an 
experienced burner. ' 

Tlfr' ideal silica ratio in cement maleiaids is generally 
iigreed to he 2..'). 

There are, however, some anomalies in connection with 
the silica ratio which go to show that at e.xtreme limits 
the rules that ha\e been given do not applv. Tims, at one 
works it may he found that the silica, ratio is very tow— 
VIZ., 1.7, and yet clinker rings are never experienced, 
while, on the other hand, at another wwks the silica ratio 
is very high, viz.—over 3.0, eind there is little trouble, 
with ftther excessive wear on brickwork or retarded 
hardening of resultant cement. The raw rngteriak to be 
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.used, tlifrefore, ijad fhe r»sults to be obtained tberefroift 

are in'ore or less a subject for local investij'ation. 

• 

Hydraulic Modulus.— In addition to tlic definitions 
Ilf jPortland cement'which."have already lieen cited, 
another but more restricted specifictilioM of eenient is 
llii^j ■ronlain'^'d in the followiiio dtifmilion. vi/.. . — ^ 

Portland cement is a ]iroduet formed by-biirninn, at leitst 
to incijiient fusion, an intima^ mitjtjrire of finely {troiind 
limestone (or carbonate, of lime) and'clay as essential 
inored^itts, and f'l'imliiif' the product to'the fineness of 
Hour, 111 vvhicb the hydraulic modulus lies between LR 
and d.'i. 'I'be product shall, when madi' into a paste, 
cifber alone or with sand, form in a short time a hard 
mass, and shall show either in water or air a ftradiially 
increasing strength, and in whatever foi’tn used shall havi' 
a eoDStant volume. 

'I'be bydniiibc modulus of a. cement, it sboiild be 
added, is a formula wbicb expresses the relation between 
the ba.sie constituents of Portland cement, such as lime 
and mapne.'ia, and the acid eon.stitiients—iron oxide, 
silica and alumina—by means of which a correct mix¬ 
ture mielit be calculated from the analysis of the raw 
materials. 

The hydraulic modulus is practically the reverse of the 
hydraulic index eipiation, and is found as follows :— 


Lime 

"'oSilica^l^o Adiimiiia -p% Iron Oxide 


= Hy(lraulie Modulus 
(1.8 to 2.2) 


It is held that a^noduhis of less than 2.0 "ives rise to a 
“ diistiii" ” of the clinker during mannfactiire, can,set! by 
unstable com]iounds, while, one of over 2..t causes ex¬ 
pansion and crackine. modulus of 2.2 for cement shows 
a hieli-p'rade product. 


The Hydraulic Index of Portland cement is found in 
the ratio between the silica and alumina, the acid elements, 
and the lime and magnesia, the basic elements, viz, :— 


(Silica -f Alumina) x* 100 
Lime-b Magnesia 


= Hydraulic Indent 
"•(42 .to 48) 
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• Commercial cements {Generally show Hidex of 42 to, 
48, but tlie French Standard Si)ecification limits tlie’lower 
index to 44. 

The })roperties of cement are constaptly nndergoinf; 
cliances from the time tlie. material, is ground into |he 
niamilj(;turor's stores until made into a mortar and incor- 
poratcil into the structure; iftdeed, these charges contigiue 
iiijlelinitel,y, and present knowledge of the* internal in- 
fhienccK all'eetmg them is little. 

.Mthoiigh these vaf\*lng dtTinitions indicate that no clear 
or concist' description of i’ortland cement can he gtf.en, it 
is manifestly impro])i‘r to specify the raw materiafs seeing 
that various waste |1roducts have for years been success¬ 
fully used ill the manufacture. 

The term “ artificial ” Portland cement is often used 
in contra-distinction to the “ natural ” cements now com- 
nidnly employed and sold in America and Belgium, and 
de.scribes a carefully manufactured product ohtained from 
the jireliminary mechanical combination of carbonate of 
lime with silica and ahmiina-i as outlined in the foregoing 
definitions, from which it will be gathered that the raw 
material mixing ymK’ess ensures accurate and uniform 
results in the finished cement. 

Natural Portland Cement is manufactured from 
mineral deposits, varying as to their chemical composition 
in the approximate percentages needed for making!a 
cement. The natural deposit is burned as (piarried, with¬ 
out any intimate mixing of the raw materials, and un¬ 
less tile manufacture is carefully I'fleijked a poor 
quality product generally results owing to its 'varying 
composition. ' 

THeoomposition of Portland cement is generally found 
to be within the following limits :— 



Minimum 

Maximum 

Silica 

... ]« to 

25 per cent. 

Alumina ... 

3 „ 

10 „ 

Oxido of iron 

... 2 „ 

f> 

Lime 

... m „ 

6» 

Magueftia 

... .5 .. 

2 

Sulphuric anhydride 


2.5 „ 


tWator and carbonic anhydride 1 „ -t 

It should not, however, be assumed from th^ above 
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• limitj that a cwieiix is saiisfactory in quality it cominf! 
anywhere witliin the range of this analysis, nor that the 
‘entiijiosilion of cement is viiriahle and nnccrttiin. 

Different i'a\» nffittn'ials vary in atialysis and coni|K)si- 
ti(*i, and the ri'sidting prodlict, thi'refore, varies in its 
|iropor(ions«in comparing one sample witli another, Imt 
i'rhm whateter jnalcrials mannfact!iired, and In wliiohever 
of the immerons |irocesses in use, the anaivsis of a g<»od 
(pialily I’orlland cement will gencniily he found to come 
within the limits given ahove. 

Thi^ killow'ing Nihic, showing ihe analyses of various 
I’orthmd cements mamiractiircd in tins conniry and else¬ 
where. will I'xplain what analyses of cement are met with 
in practice :— 


Analyses ok Varkus roisTi.AM) (’ementn 




joxifh' 


Mat;- 

Snl|»iiiirM’ 

Inwilultli 


Silii-a 

.Aliiiu- 


iMIlH' 

iii'Hia 

Arili\<!rulo 

Aikuti<‘K 


SiOa 

IIIH 

htni 

t'aO 

M8(» 

St), 

laOSit, 



AI.O;, 1 





raml)Ti<lKi‘ 


r..i2 

4.5(» 

03.01 

.00 

1.81 

3.20 

TlUitllfS ... 

22.fi2 

o.w 

4.45 

01.30 

.00 

0.07 

3.75 

^IfflwRV ... 

22.10 

7.45 

2.57 

03.00 

1.11 

0.77 

2.10 

Ihill ' ... 

22.22 

7.20 

3.07 

02..53 

i.:i4 

1.80 

0.82 


20.12 

0.71 

4.03 

(iO.OO 

2.20 

l.SO 

3.07 

Kuglty ... 

2i.r»fi 


4.S3 

02.5 

I'm 

1..5S 

0.81 

Hart 

23.;; 

7.85 

4.(>5 

01.0 

(♦.00 

1.43 

1.07 

.. 

24.021 

4.80 

3.28 

0.5.32 

0.05 

0.4K 

.25 


2:mi 

5.(»:{ 

2.10 

05.50 

1.07 

.35 

1.00 

Aun'ricaii ^ 

21.00 

0.13 

4.-I7 

02.2tt 

2.58 

1.00 

1.30 

lii'lyinu ... 

22.14 

4985 

:t.4(i 

58.70 

1.53 

1.02 

8.30 

(Naturali 




_ 

__ 

__ 

__ 


Notwithstanding investigations by noted scientists, the 
chemistry, or rather the constitution of I’ortland cena'iil 
is a subject not tlioroughly understood. The two chiel 
methods which have been successfully employed u|) to the 
present lime in investigating the che.mi.strv of cement are 
the synthetical and the microscopical. All analytical 
methods have failed, as thiy have failed when applied to 
the determination of tlie proximate composition of hatural 
rocks. • By Icng experience in its maftufac’tnre, however, 
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Ae are able lo deduce froiu th^ many r^sulVs of aiy^lyses 
the safe huiits of tlie essential ingredients, but tbe manner 
in wliieb these simple iiipnedients are bound together and 
the clianges they undergo during the sPttiKgbf cement are 
.not clear. ' ' ' 

'I’hto cliemical cdilstitucufs of I’oiUand cement jiave 
llien/ore, loiif^ engaged Viie sMidy of e.xperl^, v\tth the rcsdilt 
tied many diil'erent fornmlie have from lime'to time been 
put forward as representiiig a. slaiidard composition, only 
to be conliadictcd and r^placed by otbers ullered by 
scienlisls inveslegating further samjile.'yof tbe miii<*'i’ial. 

li’or in,stance, Le Chatelier, tlm eminent l‘'reiich 
chemist, years ago conclnih'd, afler a long stiiily of tlu' 
composition of cements, that tbe u\o imporlanl comfiiaiiuls 
esislmg in tbe clinker were a tn-caleic silicate fh CaO, SiU.,) 
and a tri-calcic abiminate (11 Cat),Al’.Os). Le Cbatelier 
also held that in good cements the following maxinjuin 
and minimum formula should be true, usually gmng 

results in a good cement l|) 'i.e to d.T, and (di ti.d to 1, 

\ iz. : — 

('aO + MgO < ;; 

SiO, f ALO, 
and 

(ilO+MgO >;> 

SiO. + ALO, + FojO, " 

•Again, conclusions differing from tbe above have since 
been arrived at by synthesis, and it has fieeij^ observed 
by other expert.^ that e.xiierimonts as to tbe constitution 
of cement led to tbe following results (it) Lime may be 
combined with silica in tbe proportion of d molecules to 1 
and still give a )iroduct of practically constant volume of 
good bardening projicrties, though hardening very slowly. 
With :il molecules of lime to 1 of silica the product is not 
sound, and cracks in water, (ft) Lime may be combined 
with alumina in the proportion of i molecules to 1, giving 
a product which seta iiuickly, hut shows constant volume 
and good hardening properties. With 2J molecules of 
lime to 1 of alumina the product wits not sound. 

The'Le Chatelier formuhr, however, c-xjiressed in 
chemical equivalents and applied to commertial edments. 
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reuiiirc ii c‘OU!*dt’)'iible ciiliJulatioii, but at the same time ft 
'ii admitted that tliey liave tile merit of taking into aeeoimt 
^lie (liffdreuec m tlie eombiiiiiie |) 0 \\er of siliea and alumina, 
and in this rospt'ct me, a };reat advanee over the liydraulie 
imiex and modulus. • •' 

Other an;liorilies sii”f;est .slightly* modiiyiu^ tlie Lc 
('l*'iielier tittiximuiri lornmiaf aiid’ exijrefo it in waittlds 
instead nl e^ui\*al('Ml> as billon-- 

1 lime - Silu-a. x 'J.b ^ Aluiiiina -< 1. Iti. 

Thi»fyrninla It"' maxininni of lime*\vhii-h a eenient 
raw material mixture van contain, and give eonnd 
ceinem, under ordinary eondilions of linrning. If ne 
'nilistilnie l it for 1.1 m the formula, (which makes no 
|iractical dilTcrenci- in the rcsnlo uc havi- another lormiihi, 
or lime factor as it has heen termed, fhns 

liime - Alnmin<i_„j^ 

Silica 

which ri‘|iresenls the maxiinitm ol lime |iermissible. Haw 
ni-ilerial mixtiii'es in which llu- lime iiiiiiiis alninina 
ilivided hy sdiea, is inoie lhan -J.S are likely to yield an 
iinsoiirid cement. 

On ihe other hand raw material niixtmes m which this 
ligme is less than 2.0, generally gi\e a fusible clinker and 
i|lliek-setting eement. So, lor |iractieal |inriioses, it has 
been recoinmetided that ihe ado|ilion of '.’.T as a standard 
lime factor for raw materials .should hi- satisfaelory, 
and this deciaion is, doubtless, as theoretically aecnrale as 
the jirr^efit and |iast ex|ierience of eement maiiiifactnre 
will allow of ealciiTatioii. ^ 

Commereial I’ortlarid cements, it is shown, generally 
|iossess a decidedU lower lime factor than that for raw 
mixtures. The lime factor in cements (lime viiinix 
alumina divided hy silica) is generally from 2.5 to 2.0. 
This is due (o the change m composition of the. mixture 
effected during burning by taking up the ash of the fuel. 

l-’roni the foregoing descriptions, therefore, it will be 
seen that the essential ingredients of cement are 
the com]iounda of lime, silita and alumina, and in ^nearly 
all eases Portland cement, provided it is of good quality, 
has priK-liealiv the same eonqiosition. * 
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iHAI-TEK III. 

As th(> (•('iiicnt (•(insumei' when in doiiht "unoralh' turu.s 
from lli(> ))i'iK'ticiil iiscio tho iiit'clianical testing of eeinent 
for a ilelinile jirononncemeni upon llie unaliU' of any given 
prodnet., so tlie eeinent chemist passes from tlie elannical 
examination to the.inineralogienl in his endeavours to 
understand more tlioroughly tlie (ireeise answer to the 
ipie.stion so often asked : " What is I’ortland eemenli’ " 

If uhat has heen published from time to time, however, 
is nil tliiit is known up to the present concerning the 
mineralogy of eeiiieiil, this science has given ns littlii in- 
forniafion and still fails to answer the ipiery. 

It will have heen seen from the foregoing chapter that 
the constituents of ordinarj Portland cement can readily 
he ascorlained hy tlu- usual chemical tests and methods of 
analysis, and from such an investigation it is also found 
that the composition of all good cenient.s difl'wis hut 
slightly, except in so far as the |)ercentage of the in¬ 
gredients contained in the dillereiit samples varies. No 
chemical examination, however, enahles tlie exjiert ehenust 
or anyone else to judge whether a brand of eeinent in its 
firaetical sense is of a superior or an indjllerent quality, 
since it would not he a difficult task to prepare ^9, \naterial 
containing the chemical eombinations and the exact con- 
stitiK'nts of ordinary Portland cement, hut which in prac¬ 
tice would jKissess no cementing jiroperties whatever. 
The determination of the market value of the product must 
still, therefore, be left to the mechanical testing, which is 
explained at length in the following chaiiters. 

In sjiite of this position, however, the Portland cement 
industry eannot by any means dispense with a thorough 
knowledge and praetiec of chemistry in the manufacture, 
testing and uses of cement, for this knowledge not only 
gives yaluahle information upon ^le varia.tions or uni¬ 
formity of the finished product, but chemistry explains 
the peculiarities of the raw materials used in the manu- 
|S2) 
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factiiro, \vhi''h Js » bijjlily important ]x>iiit re(}iuii;ij! 
t'spt'flal sliidy. In the proper iiiixiiio, also, ol tlie raw 
imaterials, cliemistrv comes to the mamil'aeturer's aid and, 
lepidarly aj'pli^'d, >keejis a. lesultinp jirodnet imiforiu in 
iji;ality. > ' 

•Vs the mamd'aetiiiv of a faultle;-- eemeid cannot he 
le*t' to ehaiice, and as ahsijnte -leeiiraev is, niofeoter, 
essenlial niMli? inamdactnre of a pood ipiaht_\ pi'oduet. 
Ml it will he M'en that a eomprehetisive kitowh'dpe ol 
ehemistiw H reipiired in ilealtiip \,itl\ I'urthtiid cement; 
hilt whereas cheupslrx has loop heeii m yie sertiee ol the 
retiieiit inihistri. iiiineralopN is oiiK now pradiiallj enter- 
inp this sphere. 

Ill the stiidi ol I'orllaiid eeiiieiit, mmeralopt is likely 
to he aii,e\i ellelil teaelici, for .1 sii|ip|eiiiellls the lechnii al 
and eheiiin'iil iioesiipatioiis, and, indeed, it has already 
made maii\ an iiiiportaiit dl.sclosiire. \ pood iiiicrosetipc 
has’! therefore, heeoiiie an indlspeiisahle item ill the ei|mp- 
nielli of the eemeiit-lesimp lahoraloiw. 

Mineralogical study has shown that all I'orllaiid 
eeinelits consists of a siihtle mi.Nliire of eom|ioillids allied 
to mmer.ils. 'I'his lael 's not disputed by i‘X|ierts, e\en 
ihoiiph It may not \et he a siihjeet of peneral knowledpe. 

.\ll aiKaiieed Mew ol the eonstitiltion of I’ortlaiul cement 
ehnkei is eonlailied iii a statement made to the author in 
>:ew \'oik some years apo hy Mr. ChlTord Itiehardson, and 
to it are applied the same theories of solution which ha\o 
prined so fertile m nietalhirpy. 

It IS Well fiiown that the mineral eoiistitiients of rocks 
can he‘‘idt'ntitied under I he microscope in thin sections, 
i-specially with tin” aid of |iolarised lipht, and these ))etro- 
praphic methods hate been ap|ilied to sections of I’oithind 
cenient clinker. 

The two chief minerals which have been recopnised in 
this wav in cement clinker have received the names AUt 

and Celit. 

Other eoiistitiients are also reeopnisahle, hut tlicso 
appear to arise from non-essential constituents- siieli as 
iron, mapiiesiii. and the alkalies. 

W'orkinp with (leiTcetly pure silicates of lime and 
aluminiiiin, success has been atlained in formin<; syn¬ 
thetically eorrespondinply pure eoiitep,ts, consi.slin>r 
vvliollv of .\fit and Celit. By varying the profiortions 

C 
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of the different eoiistitiients taken, it( is found tliut^ 
Alitis a solid solution of tri-ealciuui aluminate and tri-' 
calcium silicate, whilst Celitis a solid solution of di-calcic- 
silieate and di-calcic aluininate. In the fiiseal state these 
aluiniuates and silicates are soluble in each other in all 
proportions: hut this, is not the case in the cold, the mix¬ 
ture then splitting up into rlit and celit, each of whh.'h 
has the ju’operties of a. true cement. In Vu'der that both 
coiislituents may he iffisent, the percentage coni])osition 
of the cement mus* ht.''hetWrien the following limits:— 

Silica ... ... 18.5 to‘23.-2' 

Alumina ... .. ... G.ltoll.',) 

Lime ... ... ... hS.l todS. 1 

in commercial work, cements do not reach the hi;;her 
limjts of lime, as it is impossible to obtain iiiduslnally 
the high temperature then needed in firing them, hut this 
can he satisfactorily carried out in the laboratory. In 
practice, of course, cements are not fused, hut merely 
fritted in the ]>rocess of mannfactiire, and the formatio.i 
of the.se solid solutions by fritting the materials 
together at a temperature mueh below their |K)int of fusion 
is attributed to that process of diffusion of one solid into 
another, which was shown to occur in the ease of metals. 
The higher the temperature, the more rapid this jirocess 
of diffusion. The time reipiisite will also depend uium tlte 
area, of the surfaces between which it can take place, 
lienee, the liner the grinding of the rav^ materials the 
more (piiekly and easily is the diffusion operation ,aeeoin- 
plislied. A danger to he guariled against is, however, the 
use of a very high temperature for frming, followed by 
a vei^ rapid cixiling of the burnt material. The calcium 
aluminate is much more soluble in the silicate at high 
temperatures. If the cooling is too quick, a supersaturated 
solid solution is obtained, which is, of course, in an un¬ 
stable condition. 

The change to the stable forms is accomplished by a 
change of volume, and, therefore, destructive of the 
cohesion of the clinker. 

.Another view upon the techtiology of cements has been 
expressed to the author by Messrs. Way and Shepherd, of 
the Geophysical laboratory of the Carnegie Institution of 
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^ New York, wli)) have wcently shown that tri-calciuin 
silicalc does not exist in the two-component series. 

• It is*knowu that scientists liave l)een labourinj! for years 
to discover .tltp uonstitution of Portland ceineut, and 
n^neralogy now teddies us Jdiat this search if conducted 
alone nj)oij the lines of chemical sesearch is a. useless 
endeavour and a waste of lii*ie. . 

It seems VleSr, for instance, that Poilland cemelit has 
no fixed constitution, hecause it is not a homogeneous 
body. It is a ininefalogicifl miatsny,; a comjiound of 
Kcvevil Jjodies, which are Portland eeuiei^t bodies or Port¬ 
land cement minerals. This diseoverv is very important 
tind very significant, hecause it htiugs us considerably 
nearer the answer to the i|uestioii which was asked in the 
o|ieniiig lo this chapter, and much nearer a final solution. 

Cement exfierls are agrei'd that there are a number of 
Portland cement minerals. So far as is known at’the 
present time, the nuniber is stated to be live, but in time 
perhaps others will he discovered. The study of these, 
materials is complicated, and far from easy, for the five 
Portland cement minerals do not by any means occur 
uniformly in each brand of Porllaml cement, neither in 
ihe same ipiantities nor even in the same manner, and 
sometimes one mineral or more is missing altogether. In 
the ojiinion of some experts, all the Portland cement 
Itiaterials have, in si>ite of their diversity, the sanifi origin, 
otherwise they would not be what they are. They belong 
to the genus cement, burnt mit of lime and clay, and 
Ireed from, all carhoiiic, acid. The Portland cement 
mineriTls* so far as is known to-day, consist of four crystal¬ 
line and one amffrphons mineral. Each of these has its 
own constitution, but the actuality of none of them has 
yet been discovered with any certainty. 

The names of the crystalline Portland cement minerals 
are given as Alit, Relit, (,'elit and Felit. The aTiiorphoiis 
mineral has keen termed vitreous or “ glassy ” residue. 

To the expert following up the mineralogy of Portland 
cement the two most interesting and ini|K)rtant of these 
five minerals are the alit and the glassy residue. A note¬ 
worthy body also is the felit. From such investigations as 
have already been made, it is not possible to say much 
abouUthe uptions and functions of lielit and celit, for at 
the present they appear rather as a kind of ballast in tin; 
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. An interestiiif; view concerning; the mirleritlogy of cpiuent 
and its connection with the disintegration of cement 
clinker when l)urned tinder very high temperatures mat 
be (juotcd Wlien clinker is burned at a temperature 
■iiigher than is iiecessiiry for'its crystkllisation, it contfflns 
much (>f the minerSI. called glassy residue. Such cljuker 
when allowed to cool off grtifliially begins.to form crystiils, 
iiitd so to lose some of its glassy character. ' This process 
causes the mass to disintegriite. If. however, such a 
clinker is suddenly chilled with cool water, then the Port¬ 
land cement glassy residue is <|uickly changed, I'l-.im its 
plastic condition into a hard and rigid one, ami the crystal¬ 
lisation is made impossihle. The clinker thus not onl\ 
remains iiermanently ititacl in form, hiil it also retains the 
gi'i'at hydraulic (|ualities of Iht' jtlassy residtie mineral in 
I’ertland cement, and thus preserves for itself its own 
hydraulic value. 

It is clearly seen under a powerful microscope that felil 
is a minend having a vvell-detined double ])lane of fracture. 
]>lainly striped in parallel, while alit is colourless, granular 
or tlidred, and with wciikly-defined double ])lau('s of frae- 
lure. 

'I'he last of the minerals—namely, the T’ort.land cement 
“ glass ’■—is helieved to occupy a subordintite position in 
the mineralogy of cement, hut ex])erts are not agreed upon 
this point. According to some ex))erienee, it is lound tout 
this glassy residue may, uiiiler certain circiiuislances, 
occupy as ini|Hirtant a role as alit, and ,it has been held 
that under correct conditions it posses.ses c.'t.ictly the sanu 
energy for hardening. 

IJprIland cement "glass” examined under a micro¬ 
scope appears as a colourless glass, but in isolated cases it 
appears slightly yellow. W'lien it is ground fine, niadi 
up with water and compressed, it dissolves exceedingly 
slowly at ordinary temperatures. It dissolves more quickly 
if hot-water is used, and extraordinarily quick in ar- 
alkaline solution. 







































Raw Materials. 

CHAPTJ'^H IV. 

I’OHTLAND ceiiieiit can be proilucinr from any raw 
materials w\iosi‘ conatitnents*are callable of yielding by 
calcination flic'silicates and alnminatcs of lime wli'^h 
form its ebief components. 

The necessary raw materials fdr'tbe maimfactnre are 
lime (visually in the form of carbonate tif lime, siicli as 
chalk and limcstoncl, silica and alumina, commonly found 
in their combined form as clay or shale. Lime, silica and 
alumina are also ohtained for cement manufacture in in- 
(h'finile. proportions from calcareous tufa, slags and alkali 
waste, although such materials are only emjiloyed to-day 
to a minor CNtent. 

In the chalk-marl and lias limestone deposits over the 
country the necessary ingredients are found in approxi- 
uiatelv correct proportions for cement manufacture in the 
one deposit, naturally mixed, hut rarely, if ever, in the 
exact proportions re(|uired. 

In order to he siiitahle for the manufacture of cement 
the raw materials must be of correct chemical coniposi- 
liou, which implies that they should contain as small a 
percentage as possible of magnesium carbonate —no 
more than I percent., which is the maximum pcrmis.sihle. 
h’ree or insoliAle silica in the form of chert, flint, or 
ijuarty, shoiihk father he entirely absent or present only in 
small (iflafttities, and sulphate of lime should not exceed 
•2.“) per cent. • 

On the other hand, iron oxide and alumina are rfeces- 
sary or desirable for fluxing during calcination, but an 
excess of these sidistances is objectionable. 

It will thus he seen tluit with chalk and limestone, the 
other necessary materials, namely, river mud, shale and 
clay used for forming the respective admixtures with the 
chalky materials should he mairdy silicious, but as free 
from sand as possible. Highly silicious clays, containing 
silica up to 7,') per cent., give mixtures which stand the 
great heat of the kiln without fusing, and produce a clinker 
( 39 ) 
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which is comparatively easy to grind, and vdiich generally^ 
yields a slow-setting cement, showing a steady intaease 
in tensile strength over long |)eriods. 

The two materials for the necessary cl\,eraical coinbina- 
,tipu indis))en 8 able for the njanufacti^'e of cement are jmt 
aitVays found ufmA the same site. Some works, however, 
are fafvoured with these conditions, and it is oj^ly ncceftsary 
to^ examine the localities of the most siirt’esifliil works in 
flic country to ’see how invariably it is the caw; that, 
according to the faaility \^th which they command the 
raw materials and their jiroximity to tlie market^ their 
successes have been assured. * * 

From considerations of economy in the excavation, 
crushing and reduction of the raw materials il is desirable 
that they should be as soft and as dry as possible, but this 
is not essential as far as efficiency is concerned. 

^ I’ortland cement plant running on dry materials, such 
as a mixture of limestone and shale, will use approximfitely 
16,(X)() tons of raw material jier year for a weekly out])ut 
of 200 tons of cement. Of this, about 12,000 tons are 
limestone and 4,000 tons shale. Assuming that the lime¬ 
stone weighs 100 lbs. jier cubic foot, which is a fair weight, 
each 200 tons per week output will require about 108,000 
cubic, feet of limestone per year. As tiu shale may be 
assumed to contain some considerable amount of water a 
cubic foot will jirobably contain not over 125 lbs. of dry 
material, so that each 200 tons cement output per week 
will also reipiire 72,000 cubic feet of shale. If calculating, 
therefore, for the location of a plant with a*2(J years’ supply 
of raw materials, there must be in sight for evei^- 800 tons 
output of cement ])er week at least IhOgO.OOO cubic feet of 
limeftone and 1,440,000 cubic feet of shale. 

The raw material‘deposits for the manufacture of Port¬ 
land cement are widely disseminated, but the suitability 
of a certain locality depends upon the manner of the 
occurrence of these requisites and the location of the 
deposit with respect to the cement consuming market and 
the fuel supplies. 

Thus, the building of factories will be centred at a point 
where the raw materials are d;o be found in large (pian- 
tities, and near together, where their physical character is 
such as to render them easy of getting aira clearinf!^ and of 
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‘^mminntion and mixing,where coaler other desirable fuel 
may be had at low prices, and where the market is not 
400 far removed. 

As has beeai pointed out, from a geological formation, 
of.uniform comix)^tion containing exactly the right 
amount of naturally mixed lime, silica»a*nd alumina, Port¬ 
land' cement could be made» by the cheap and Mmple 
method of ^nefely burning lumps of the material .as 
obtained from the quarry, and grinding the resultant 
clinker. 8uch a material htls not‘been discovered in 
(inantiiy, in this country, and it is iierluyis hardly likely 
that it will be, for’a variation of even one per cent, of the 
proportion of carbonate of lime in th« raw material for the 
manufacture, to say nothing of the irregular composition 
of its other ingredients, is sufficient to destroy at once tlie 
reliable quality of the resultant cement. 

In manufacturing Portland cement, therefore, carbonate 
of l*me and clay are first efficiently and accurately amal¬ 
gamated in certain fixed proportions, either by the addition 
of water to the raw materials, or by the fine grinding and 
mixing of the same in their dry state. 

With either a wet or dry process of blending the raw 
materials to a fixed jiercentage of carbonate of lime, the 
fineness of the minute jairticles must be such as to allow 
of the exact chemical change taking place in the burning 
oi» calcining operation, and if this preliminary process of 
mixing the raw materials be not carried out with sufficient 
thoroughness, failure is bound to be the result, and will at 
once make itj^lf evident when the material is further dealt 
with. * * 

'I’he hardne.ss T>f the raw materials treated in the 
manufacture of Portland cement is of great imporlarifce in 
determining their practical value, since the constituents 
must be ground to great fineness before mixing. J’ure lime¬ 
stones require pulverising to an impalpable flour, almost 
all passing a 180 by 180 mesh sieve, and are, therefore, 
costly to treat; whereas other limestones or chalk-marl 
containing a considerable proportion of clay are generally 
much softer, and the mixing being already done in part by 
nature, a better burning combination and finished cement 
often result. 

The uialjtBiB of a prepared mlxtm% of-raw materials 
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for the niamil'acture of cement' may be approximately 
follows I’erCent. 

Carbonate of Lime ... .. ... 78.35 

Silica ... ... ... 14..16 

Aliiinina ... ..., ... 5.33 

Iron 0 .\i(le ‘ ♦ ... ... 1.69 

Maf'iie.sia’ ... ... 0.04 

Sulphuric .Anhydride ... ..*. 0.31 

I’otash, Soda, &c. ... ... ... I.s-J 

. . 1004J0 

In or about the .\car bS-16 chalk in the neighbourhood 
of the Itiver Medw&y was first used with tlie river clay 
oi' mud for e.\pcrini('nts in the manufacture of cement, 
and a few vears later the first cement works in this district 
were established at Xorthfleet, in Kent. 

At this time the use of Roman cement which is manu¬ 
factured from argillaceous limestone having a larpe* pro¬ 
portion of clay was considerable, and althoiifjh the then 
new ei‘ment was found to be a more reliable malrnial 
there was naturallx some opposition to the introduction of 
the product. 

.\l the present day, however, the manufacture of I'ort- 
land cement is forming the staple industiw in this nei"h- 
bourhood, and indeed it is not only in this district that 
lar»e and important factories have spruiif; up, hut sticcrws- 
fiil works are now situated in many other parts ol the 
country. 

The chalk formation on the hanks of 1 1u^rjvers Thames 
and Medway, and the dejiosits of mud in tb» Pstuaries 
and creeks have, however, furnished 18 suitable supply of 
raw^naterials in an acceptable form for the manufacture of 
cement. Analyses of these materials are {’iven below 


Silica 

Chalk. 

1.5-2 

Mud. 

65.02 

Aluniina. 

;;;r 

1 19.74 
■( 7.-22 

Iron Oxide 

Carhonate of Lime 

... 96.45 

1.52 

Loss, (fee. (and orffanio matter) 

I.IS 

6..50 


,aoo.(X) 

100.00 


For many .fears* the only materials used^n tbs manu¬ 
facture of cement were chalk and clay, the white chalk, 
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Which contained as quarried about 18 per Cent, of .water, 
being exclusively used on the Thames; and on tjje Med¬ 
way, the grey or lower chalk found underlying thfe 
white chalk in the hills bounding the valleyof the river. 

These chalk deposits havu a deptl of 100 to 300 ffeet, 
and the excavating is generally carried on by automatic 
plant, the material being then loaded into tracks for con¬ 
veyance to a distance by locomotive direct into the fac¬ 
tories. ^ 

The greater part'oY the olay used by the Thames and 
Medway miiiiut'acturers is the alluvial ,’iiud refereed to and 
is found in the estuary of the rivers; although on the 
Thames the inner tsirt of the “saltings,’’ as they are 
termed, is excavated from the hanks of the river and used 
in the manufacture. 

The chalk marl around Cambridge is a deposit of 
naturally mixed calcareous and argillaceous material found 
at the ha.se of the local chalk. It differs from the ni<ain 
mass of the chalk above it in the <)uantity of clay it contains. 
'I’he Cambridge greensand underlying the de|) 08 it of chalk 
marl is a chalky bed a few inches thick, w'ith phosphatic 
nodules and green glauconitic grains. This deposit m-arks 
a more or less stationary period in respect of sedimentation 
before the deposition of more calcareous debris set in. 

It is a curious fact, and one worthy of note, that the 
chalk marl of Cambridgeshire, though the relative quan¬ 
tities of chalk may vary from yard to yard in depth when 
testing on the face of a quarry, contains in the aggregate 
about the same proportion of calcareous and dayey jnaterial 
as is obtained artificially by the mixture of ihalk with 
alluvial mud in the Medway Valley.* Therefore, along 
the butcrop of this chalk marl stratum cement works have 
of recent years proved the value of the Cambridge deposit 
from a cement-making point of view. 

The deposit is, in the most favourable conditions, found 
about 2 feet below the surface, and runs to a depth of from 
30 to 60 feet. 

The chalk contained in the material, being in a measure 
the most valuable and most important ingredient in the 
m^ing of Portland cement, is'shown from various analyses 
to average 70 to 80 per cent., and the remaining consti¬ 
tuents -are exactly the amounts of silica, ,alnmaia, and 
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oxide of iron required in the mknufacture. ‘ It is only sale 
to treat these marls under a scientific cenient-niakihg pro¬ 
cess, and tlie manufacture is arranged so that the “ lower 
chalked ” marl is intimately blended with the material 
containing an esiicess of lifue-carbomte, so as to produce 
a working average' of, say, 76 per cent, ^he resultant 
mixture is then ready for tfie further operation of burning. 

' In tlie early alays of cement-making, soine of the marl 
deposits of the Oambridgqshire district, which very nearly 
ap])roached the ddsired combination of chalk and clay, 
were used lor manufacture without any jpei-lianical 
mixing. In such in.sfances the manufacture would be 
carried on by burning the calcareous dejmsit just as it is 
quarried, audgi'iirdingthcresultant " clinker ” (a largepro- 
|H)rt,ion of which would be dust) for Portland cement. The 
unreliable (juality of a material so produced is demonstrated 
by the crudest tests; and, from a scientific its well as from 
a commerciiil point of view, where the deposit varies inj 
its composition, as the analyses of chalk marls geucritlly 
show that it does, such ii [rrocess of manrrfacturing Port¬ 
land cement—a, chemical ju'oduct—cannot be too strongly 
condemned. 

(liven ii scientifically mixed and corrected riiw materiivi 
from the marl deposit, which is really an intimately 
blended chalk iind clay mixture, a cement can be produced 
y ielding excellent results, which has been shown to be 
eriual to the Thames iind Medway cements ))rcj)iired from 
the wholly artificial iiiid mechanical mixtures referred to 
above. The following is an analysis of mixed raw 
materials lU'i'paied for the manufiicture of eeftient from 
thf Cambridge deposit:— 


Silica 

... 15.72 per ( 

Alumina 

... 4.20 „ 

Iron Oxide ... 

... 1.89 .. 

Carbonate of Lime ... 

... 76.60 ,. 

Carbonate of Magnesia 

... 1.31 ., 

Undetermined 

.28 „ 


100.00 per cent. 

In the cement-making distncts^of Rngby and South 
Wales, the" well-known Lias formation ^ limoetone and 
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sl;aie is successfully treatect, and the thin layers of these 
ijiateriSls, with their considerahle variation in conijKjsi- 
tion, nulst be very accurately and efficiently dealt with. 
The defwsit may l)e found to an anireciahle e.\tent in other 



parts of Jjiigland, hut the preimnderauce of shale in pro¬ 
portion to the limestone (vfhich is generally found to 
contain only 78 to 85 per cent, of carbonate of lime) renders 
the cost »f wo^Jcing excessive, because oil th6 amount of 
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jnateriai not retiuired in the' manufacture. The raw 
materials lieiv are sometimes ground in tlieir dry state 
for the ])relimiimry ofa-ration of mixing to the riecessai-v 
jKsrcentage of lime-carhonate, and Vtlien farefully dealt 
with I’ortland c-'ment of’excellent''qualify is manufac¬ 
tured. 

'file Lias formation consists of layeis of impure lime¬ 
stone of varying thickness, ranging from two inches to 
two feet, and )iarteti >l)y scams of shale and clay—the total 
thickness of shale beds considerahly exceeding as, a rule 
that of the limestone. 

Analyses of the Tiias limestone and shale are here 


given :— 

Limcsionc 

Shale. 

Silica 

... 7,81 

OO.O.’) 

J ron (txidc 

... l.'.lt) 

10.70 

•flumina 

... ±r,S) 

it.ao 

Carbonate of Lime 

... 81.:i7 

dfi.HS 

('arl)onatc of Magnesia .... 

... 1.72 

3.()8 

-Alkalies ami lo,sa 

l.lil 

rj.'M 


100.00 

KKJ.OO 


(.)n the Tyne, Wear and Tees and in’the North of I'lng- 
iand generally. I’ortland cement was matnd'actured from 
chalk imported from the Thames, Metlway or Sussex 
districts, and mixed with a local clay, found on the site 
of the works, which contains less organic, iflalter than 
that used in the South. From this mixture g gotnl (piality 
cement is made. 

In Hull the chalk deposits on the hanks of the Humber 
are used with local clays. Tn Northamptonshire the 
oolite limestone and lias clay, which are sometimes super¬ 
imposed tnie alKrto the other, are tised as raw materials. 

In the United States, most of the cement produced is 
from the Leliigh Valley argillaceous limestone, which con¬ 
tains rather more clay than is r^uired for a correct mix¬ 
ture. To this a small amount oT pure limestone, usually 
10 to 20 per cent!", is added to bring the mixture ap to the 
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riecessary percentage of caleiiiin carbonate required in tlis 
pianufswture. 

The cboniic^l eouj])osition of certain typical forms of raw 
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material iisimI in the iiiaiuifiiclnre of cement in the Stales 
is here given :— 


CnrlxmaU' 

• J 


('iilrium 
Sulpliiito 1 

1 

Silifii 

Aliimin» 

Tnm 

Oxjd<*.&c. 

S8.10 

• 

1.78 

1 

1 

8.20 

J.OO 

0.%0 

70.10 


! 

l.'i.on 

0.02 

1.87 

as 81 

4.28 

1 

ia.32 

7.07 

3.52 

91.77 

o.r>;{ 

:1.I9 1 

0.22 

1 29 

.3.07 

88.49 

2.71 

1.58 1 

1.78 

0,91 

4.53 


It will thus he seen that given chalk and clay, or a car- 
honiite of lime with silica and ainmina in any other form, 
it is of first imiKirtancf' that these materials shall ho treated 
with a full knowledge of tl* all-important chemical and 
mechanical operations of combining them, which alone 
can seciye the^ manufacture of a reliable product. 

D 



Raw Materials— 

CHAPTER V. 

Thk iiiocliauical blending of the raw 

materials for the i/iauufacture of Portland cement is an 
operation recjujring the utmost technical skill: for the 
thoroughness of the mixing in the ai'nalgamation of the 
raw materials pi'imarily determines the iiiiality of the re¬ 
sulting cement; and if the manufactmer is to turn out a 
]iroduct of reliable <jnality, the supervision of this branch 
of the manufacture is of paramount importance, 

'The time has gone by, therefore, when this resjionsible 
duty was left to the ordinary workman to perform by rule- 
of-thumb methods, and the mixing of the raw materials 
in the most successful cement works is now carried out 
under the closest supervision of the works’ chemists. The 
manufacturer thus well knows that the finished product is 
not exposed to the continual dangers and failures in test 
which were so common in the earlier stages ol the, industry. 

The primary conditions of any methods of Portland 
cement manufacture are. that the raw materials shall'be 
correctly [uoportioned, very finely comminuted and thor¬ 
oughly mixed. ^ a 

How these conditions can best be fulfilled depends cluefly 
upon the character of the raw materials; so thatFtfle details 
of the methods -adopted by manufactitrers generally vary 
with the raw materials used. , 

For example, in the Thames and Medway districts, the 
soft chalk, together with the river mud, is advantageously 
mixed by “ washing ” the two materials together, and 
where chalk-marl is used, or limestone and shale, these 
sometimes are reduced by both wet and dry grinding. With 
either process the fineness of the particles must be such that 
the exact chemical change is allowed to take place in the 
next operation of the manufacture (burning or calcinmg), 
and if this preliminary process of mixiug the raw materials 
he not scientifically carried out, failme is |^ound,to result 
' when the mixture is subjected to the heat necessary for cal¬ 
cination. 


(30) 
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• Thp first process iu the manufacture of cement is gener¬ 
ally tlip uncovering of the de[)osits and the quarrying or 
'mining of the raw materials, in which operations the most 
approved plaht’is now crtiployed to save labour. 

•The genei'al use*of iiii'chanical diggers is supersed¬ 
ing .methods of hand ipiarryyig in chalk quarries where 
the “ millii;g ” of chalk has prevailed for many \ears. 
'I’lie latter system of barring down the chalk iu steps by 
hand labour involves the liKisflliing <>1 the material, whicli 
then falls direct into ti ucks at the bottom of a semi-circular 
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shaped face, for the conveyance of the raw materials to the 
factory. 

In the case of lias limestone and shale, the same 
mechanical digging ])lant is employed, after drilling, 
blasting and shattering of the deposit has taken place, but 
in this instance the addition of fui'ther plant is necessary 
iti the shape of a “ rumhier,” or revolving circular frame¬ 
work, for shaking out the jweponderating shale which 
e.xists with such materials.' Olay, on the other hand, can 
either be won by a grab or by the usual excavating methods 
employed in .dealing with the identic'al i3aterial locally 
obtained. 
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. After the quarrying of the raw materials and their con¬ 
veyance to the factory, there are two principal methods of 
mixing them, namely :— 

• (1) The “ Wet process,” by which the materials are 
mixed with water, and reduced to an extremely fine state 
of division by grinding machinery. 

(2) The " l)ry judccss,” in which the ])e’fectly (hied 
materials are ground together to an inii)alpable powder or 
” flour,” and suhseci’iently tnixed to correct chemical pro¬ 
portions. 

The wet ja'oefess of mixing is particularly adapted to 
such materials as are easily disintegrated by the addition 
of water, and this method of mixing is ejuployed to a 
considerable extent by the manufacturers of cement on 
the 'I'hames and Medway. 

The original wet process—now obsolete—consisted of 
tipping chalk and clay in weighed (piantities into a wash- 
mill and adding a large jiroportion of water to the mixture. 
'The wash-mill usually consisted of a brick pit about 15 feet 
in diameter and 5 feet deep, in which revolved a series of 
harrows fitted with “ tines ” or teeth for breaking up and 
mixing the two ingredients in their wet state. It was 
fitted with a circular frameworlc, revadving on a central 
l)ier, to which the harrows were sus|K-ndcd by chains, the 
machine being driven by a crown wheel, which travelled 
the heavy harrows loiind the wash-mill and through the, 
material at the same time, at a speed of about 15 revolu¬ 
tions [)er minute, thus agitating the, mass wnd disintegrat¬ 
ing and mixing the raw materials, to which vya-'er was 
add(‘d in such quantities as to bring the mixture to about 
the (smsisteney of milk. In this condition it is termed 
” slip " or “ slurry.” 

It is, of course, essential that extreme care should be 
exercised in adding the, correct proportions of the chalk 
and clay, or whatever other raw' materials may he used in 
the w'et process, so that the resiiltant mixture may be relied 
upon to contain the exact chemical constituents necessary 
for the manufacture of a fhoronghly sound cement; for if 
the raw materials are not mixed in this proper projiortion, 
nothing can be done later to (xrrrect it, and the result will 
be an inferior .product. * 

When the liquid mixture of chalk and rtay was suf¬ 
ficiently fine to pass the grating with which a portion of 




Wash Mill Plant—Wet Process. 
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the peripliery of tlie wash-mill was fitted, it flowed into 
settling “ backs,” where some of the excess of water'hdded 
was removed by decantation, and when the slurry'becamt 
sufficiently solid to be handled with a slxjvel, it was con¬ 
veyed to kilns for hiirning. 

Manufacture by "this wet |)rocess was, however, at¬ 
tended by certain drawbwks, one of which was the 
lengthy ])e,riod taken up in drying—a petiod ranging 
from six to twelve weeks. Another, and one which 
was far more serieim, was a liability to ine()uality in 
the mixture. This was caused as follows :—^\Vlnn the 
slurry has been de])ositcd in the “ ba’cks ” the particles 
of chalk settle, mor.* (piickK than the particles of cla_\' 
with the result that the contents of the reservoirs consist 
of layers of over-chalked material, intermixed with liiyers 
of over-clayed material, and thus the certainty of ob- 
tabiing the uniforniity of niixtnie necessary for the best 
restdts is rendered im(K)ssible. 

These ex])eriments led to the adoption of the semi-wet 
process of raw' ?naterial mixing. This was the system 
originally patented by the late Mr. W. Goreham for wash¬ 
ing the raw materials with a minimum quantity of water, 
whereby the raw material mixture then used in the manu¬ 
facture was changed fjoni a thin chalky consistency to one 
of a much thicker mixture or one of the consistency of 
mud. With the substantial change in the manufacture 
brought about by this improvement in the raw mixing ]>ro- 
cess there appears to have been a general alteration of the 
manufacturing plant. It was then mafhliiined that by 
materially reducing the amount of water, and giiiMing the 
mixture by mill-stones, such as were then in use for grind¬ 
ing the finished cement, the grinding and mixing of the 
raw materials were rendered more thorough and complete. 
The original form of grinding plant for what was then 
termed the ” semi-wet ” method consisted of three pairs 
of mill-stones, placed in such a way that the thick slurry 
after grinding from the first pair ran to the second and 
through to the third. 

This repeated grinding was found, how'ever, to be un¬ 
necessary, and the grinding mills were then so arranged 
that the thick chalky mixture ran only once through, and 
ultimately thi» grinding of the ^ef slurry {jave w;ay to a 
method merely of se|mration. 
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The original patent gr/inted for the manufacture of-'" 
ofemeat by the semi-wet method is dated July 12th, 1870, 
which was of course before the introduction of the Kotary 
Kiln. The patent runs ;— 

‘‘ Portland'cehient is made from chalk and clay. 

‘ There are at pitsent two differoi^ •nethods of manu¬ 
facturing Portland cement. 

“ Accordiig to the wet method commonly practised in 
England the chalk and clay are first ' washed ’ in wash- 
mills with harrow tines, and ffre sojijixed with about five 
times^their weight of water. They are thus thoroughly 
disintegfated and tnixed together, and life mixture flows 
out of the wash-mills as a iiipiid of about the consistency 
of milk. 
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“ The further process of manufacture is the separation 
of the water which has thus been mixed with the chalk 
and clay in order that the ‘ sliji,’ as the mixture is called, 
may be sufficitgitly dried for burning in kilns. 

" Tl^f^ licptid mentioned is therefore run into reservoirs 
or ‘ baclA,’ in which the chalk and clay gradually sink 
to the bottom, and Ihe water above it for the most part 
removed partly by drainage and partly by evaporation. 
This jiiXK-ess occupies fi-om six to twelve weeks, ac¬ 
cording to circumstances. 

“ The chalk and clay are then dug out of the ‘ backs 
in the state of mud, more or less thick, and the ‘ slip,' 
after having been further completely dried by artifiihil 
means, is tlien burnt in kilns and ground. 

“ According to the dry method as freijuently practised, 
the chalk and clay are eaciflground separately, having first, 
been artificially dried to facilitate the grinding. They are 
then mixed ..and the mixture thus reitidting is made into 
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l^icks or lumps by the aid of just sufficient water to bind 
It together. The bncks or lumps are then 'burnt ia kilns 
with or without being previously dried on stoves tw other¬ 
wise. ' 


Now, according to my invention fa anfi-wet method) 
tbo chalk and clay yie roughly mixed’together in a wash- 
mill with a small (piantity of water, only, say, one-third 




PoHTiMxn Crjirnt Factory jx IH ,%. 

of the weight of the whole. The product resulting from 
tills operation is not a liquid but a mud with coarse par- 

throughoutlt‘'^'“”*‘'*^™*'^^ intersjiersed 

a of mill-stones, 
such ^ are now used tor grinding cement after it comes 
from the kilns, and thereby thoraaghly comminute and 
mix- the wholet The mud is then immediatelv 
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to the drying stoves or chamJaers without being poured into - 
the reservoirs or ‘ backs ’ and the dried slip is tlien burnt. 
ii^ kilns.* 

“ A portion of the fuel for burning the cement may be 
mixjd with the tha’k and claiy, as is described in the 
specification of a patint granted to m^ And another and 
dated-the foarth day of Febijiary, one thousand eight 
hundred andfeeventy, No. 99. In such case the fu6l is 
added to the other materials in.the wash-mill. 

“ 1 avoid by my jiroccss tlie*time, eipace and exiamse. 
involved in driving off the excessive (juantity of water with 
which tile' chalk and clay are mixed accoreftng to the wet 
way of manufacture, inasmuch as I jiicceed in effecting 
the jierfect disintegration and mixing of the materials with 
a small epiantity of water only and in thus obtaining a 
jiroducl which can at once be dried by artificial means 
without the aid of drainage or evaporation in backs. ^ 

" I’also avoid the cx[)ense incurred in the so-called dry 
process by drying anil grinding the chalk and clay 
separately, and in afterwards mixing thorn with water, 
and I also obtain finer comminution and more uniform 
admixture of the materials than it is believed can be 
obtained by the dry method. 

“ Although T have adopted by jircfercncc the above 
method of partly mixing and disintegrating the chalk and 
clay in a wash-mill with harrow tines and afterwards of 
completing the process by further grinding the mud 
between mill-stones—this methwl may be varied, but 1 
claim as my iinpaovements in the manufacture of Portland 
cement, eliiintegrating and mixing the chalk and clay by 
grinding or crushing when wet, but without excess of 
* water, and then at once drying and burning the mud tints 
obtained without the sejtaration of water in settling 
backs.” 

It will thus be seen that the difference between the 
original wet pnx'ess and the semi-wet prtx-ess was, that in 
the former the whole of the grinding and mixing was done 
by the wash-mill with very large additions of water, while 
in the semi-wet process a much lower percentage of water 
is used, the wash-mill only pjeparing the work of grinding 
and mixing; the final reduction and mixing being accom¬ 
plished by means of mill-stones or ^athef convenient 
grinding macHinery. 
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The semi-wet process was .found to be a considerable 
improvement upon the older methods, andliua, with modi- 
liciitions, since been adopted bj' the majority of manu¬ 
facturers tbroiif{hout the country making cement by tne 
wet fwocess. . ‘ 

[hider the ncv^er inelhod (be necessity for the large- 
iiin(7mit of water used in, the original wet i process—and 
whit'll must all bo dried off before tlie miterial can be 
burned—is obviated, (lie slurry being carried on to the 
further machinery,of redtiction or separation, where the 
operation of amalgamation is completed. 

It was fonnfl, however, as time. wVnt on tbilt the wet 
grinding of the ra,w, materials seiwed a double piir|)ose : it 
not only reduced the raw' materials to such a size that the 
necessary intimate mixture might take place, but it also 
assisted the actual mixing, which it rendered more uni¬ 
form, and consequently imiiroved the quality of the finished 
cement. * 

The wet process as now adopted on the Thames and 
Medway, consists in tipping the weighed raw materials 
into a w'ash-mill similar in construction to (hat jireviousiy 
descrilicd, but having a coarse grating instead of the fine 
screens before mentioned. The jiartially disintegrated 
chalk and clay with water amounting to about 4-2 per cent, 
of the whole, jiasses through this grating into another 
W’ash-mill, known as a screening mill, which completes 
the disintegration, and which is fitted with a fine sci’een, 
so that no jiarticles which will not jiass a sieve of about 
40 meshes jier linear inch can e8ca[)e. * , 

In some cases a series of three wash-millsoi^required 
for the complete disintegration and scfeening of the chalk 
and clay, while in other cases, where the chalk is soft, it 
is possible to perform the whole o))eration in one wash- 
mill. 

Again, in some cases the slurry is passed through a tnbe- 
niill after leaving the wa.sh-mills in oi'der to pc'rfect the 
grinding. Such a tube-mill cionsists ('ssentially of a long 
revolving drum made of steel and protected against wear 
and tear by renewable cast-iron plates. The drum is about 
half filled with rounded flin» pebbles, and is fitted with 
one or more manholes for the purjiose of access. 

■A modern modification of the wet process is sometimes 
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referred to as tlie “ thick slurry ” ))rocess, which is an 
adaptation of the wet jirocess for use with hard raw 



materials, such as limestoij,e and shale. In the thick 
slurry process the weifjhed raw inaterlals are crushed and 
conveyejl to a ball-mill—a large steely drum containing 
heavy steel Balts—which jiulverises the inaterial to be 
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ground by impact. Water is also introduced into this wet 
ball-mill, and the result is a partly ground slurry," which 
passes to a tube-mill for final reduction. 

In the dry prooess method of dealing with the raw 
materials for cement manufacture tl^e calcareous and argil¬ 
laceous materiaf6,»-of whatever substances they may be 
composed, have first to be dried after passing the pre- 
limihary crushing machinery. ‘ 

The dryers used in the manufacture of cement have in 
the past taken the'siiape of expensively constructed kilns 
or heated floors, with their attend^ant heavy, working 
charges, but with the more general adoption of the dry 
process of manufacture in other countries little time was 
lost in inventing a less costly and more efficient plant, 
which could also be worked at a much reduced labour cost, 
The dryers, therefore, now usually employed, and which 
include the most modern apparatus, are not patented, and 
generally consist of revolving cylinders, 30 feet to 50 feet 
in length and about 4 feet in diameter. These rotary 
drying drums, as they are termed, are supported on steel 
tyres resting on heavy friction rolls. The drums are 
rotated when in use at a speed approximating two revolu¬ 
tions per minute, and are usually set with an inclination 
of about one-half inch per foot. 

The raw materials after passing the crushing rolls are 
introduced into the upper end of the dryers, and are im¬ 
mediately caught by cascading channels fitted inside the 
drums, which lift and drop the crushed raw materials as 
the drum revolves, and present them to the heated gases 
passing through the drums in the opposite directiofi to that 
in which the materials are travelling t(f the lower or outlet 
end. The use of waste heat from the kilns is generally 
employed for drying purposes, or ^ain, separate furnaces 
are sometimes arranged for heating the entering air at 
the lower end of the drum. 

The raw material after thus being crushed and dried 
must be reduced to an extremely fine powder or “ flour," 
and then carefully and thoroughly mixed to the proper 
chemical proportions before being conveyed to the kilns for 
burning. • 

If the mixture is to be burned in shaft kilns, which will 
be referred to» hereafter, the prepared raw paterial must 
be damped to give a sufiSdent “ bind for making or 
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pressing into blocks (or bricksj to be charged into the kiln, 
if the rotary kiln is in use, however, the dry powder can 
be conveyed and fed directly into it for calcininjf. 

The dry process of inanufactuning. cement is more 
generally employed in the. United ^itates, where hard raw 
materials are emfdoyed; and in the United Kingdom in 
casfs where the interstrattfied limestones anil shales of the 
lias formation supply the raw materials. In‘the Cambridge 
district, also, the chalk njarls oiler facilities for dry grind¬ 
ing, since no flint^'dccur with these raw materials. 

From the above desciiption it w^l apj)ear,. (kcrefore, 
that in prejmring the raw materials the chalk and clay or 
other materials inifst be first reduced to the utmost fine¬ 
ness, either by the addition of water, which helps to break 
down the cohesion between the particles and leaves the 
piateiial in a very finely divided .state, or by the more 
mechanical process of grinding wdieu dry. The pl,tysical 
properties of the respective materials to be dealt with will 
generally determine which method of reduction is to be 
adopted. 

In the further process ofmixing the raw materials, the 
ingredients are gauged in certain exact proportions, and the 
accuracy with which those proportions arc estimated, and 
the mechanical efficiency with which the ju'occss of ad¬ 
mixture is carried out, are. the first essentials in the manu¬ 
facture. 

\ dry priH-ess method, comprises firstly, machinery for 
crushing, and ])lant Csiich as the “ tower " or drying 
drum here illustrate<l) for the preliminurw drying of the 
raw material as it is brought from the cpiarry. Apparatus 
is then required for the reduction of fhe two materials to 
an impalpable powder, or, as we have termed it, “ flour ” ; 
and mixers for the storage and mechanical mixing of the 
flour until passed as chemically accurate and ready for 
burning. 

To weigh up then the specific advantages of the wet and 
dry processes of preparing the raw materials for cement 
manufacture, it should be pointed out that some materials 
—such as the Thames chalk—demand the wet process, so 
as to eliminate the flints, w’Mch cannot be entirely got rid 
of by other means. On the other hand, hard or soft raw 
materials coittainfng no foreign riSatter can, be ^und by 
mills either in their wet or dry state, the economic feature 
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hfiiif; liec'ided l)*v tlie cost of drying and grinding tiie I'aw 
iiUite)’iiil!^(if l).v the dry process) and the cost of wet grind¬ 
ing the same inatcrials plus the additional coal retpiired 



to burn off tlie excess of moisture when ultimately burning 
the materials in the kiln, an excess fuel up to 2 cwts. per 
ton of cementibeing necessary in the wA rntthod over the 
dry method if rijtary kilns are employed for burning. 
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If the reduction of the ingredients be coifipleted hy either 
of the processes above mentioned, and, chem4;ally con¬ 
sidered, the lines laid down be strictly adhered to, tlie 
resialtant cement should be a perfec;! iirocTuct. 

. The composition of thd raw material mixture is aVer- 
tained, by analyst's and tests, undertaken by the works" 
che^iists at "frequent intefVals, and the carbonate of lime 
(familiarly known by its chemical formula, CaCOsJ should 
be kept within, at most, p.n"e-half per cent, of the quantity 
found to ])roduce tfie best cement. This percentage of 
lime carbonate varies in different works according to the 
raw materials obtained from the many geological forma¬ 
tions contributing to the manufacture, hut. roughly, a com- 
hiiiation containing from 7.') to 77 per cent, of CaCOa will 
produce a cement of good (piality. 

^ When the remaining jiortion of clay runs loo high (or 
the |H‘rcentage of lime carhonate falls below 7.'5) a" com¬ 
pound is obtiiined which, in the burning jirocess, will fuse 
at a tr'inporature lower than that re(pdred for the produc¬ 
tion of sound clinker, thus rendering it more or less useless. 
On the other hand, an excess of chalk (above, say, 77 jier 
cent.) will allow a mixture to sustaiii a high temperature 
in the kiln without risk of fusion, but the resultant clinker 
woidd be of very doubtful quality because of its tendency 
to expansion when ground for cement. 

.Again, a variation in the amount of carbonate of lime, 
even to one-half jier cent., is found to alter apprecia.h'iy 
the tensile strength of a cement. A series of tests bearing 
on this subject were recently made with chalk inarl as a 
raw material, and it was shown that froni a perfectly mixed 
raw material, of 76.5 to 77 per cent. C'aCOs, a cement was 
produced the tensile strength of which at seven days was 
780 lbs. per square inch, and at twenty-eight days 940 lbs. 
With a mixture of 76 to 76.5 per cent, lime carbonate, the 
strain was 610 lbs. in seven days, and 800 lbs. in twenty- 
eight days, and with a mixture of 75.5 to 76 per cent. 
CaCOs, 5-20 lbs. in seven days and 7:10 in twenty-eight. 
All of the samples produced were perfectly sound under 
the strictest tests, but if the CaCOs were increased above 
77.0 per cent., the cement Vas unsound, and similarly 
with a mixture of 74 per cent. ^aCOs. the resulting 
cement had fittle“strength. This illustration isifiven as 
showing the necessity for mixii^ as closely as possible tO’ 
de^nite standards of composition. 
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The mechanically-mixed* raw material prepared in the 
ordinary course of manufacture may analyse as follows • 

• 

SiUca ^ ... , ... ... ia.72 per cent. ^ 

Alnmina aiSd oxideo(iron . ... S.IU „ >Cisy. 
lindeterminod • ... **... .67 • „ J 

Cerixfcate of iime ... «... 76.80 „• I 

Carbotate of magnesia ... l.il „ ' 

From such a matei'ial, if properly iijiated in the further 
staffes of niiinufacture, a good commercial cement, testing 
at least 700 lbs. pei> square inch in seven flays, should be 
produced. 

The chemist’s services, therefore, are requisitioned to 
clieck the raw material mixtures both before they are quar- 
lied and after they arc further dealt with, by subjecting the 
chalk and clay iii its auialgamaled state to strict analyses 
and tt'sts. Of course, experience and jaactice in the treut- 
iiient of the raw material obviate to some extent the 
necessity of coiitinually analysing the mixture, but even 
this is systematically carried out at varying perioils, accord¬ 
ing to the variation of the raw material constituents and 
the percentages found to prcaluce the best quality of 
cement. 



Estimation and Analysis of>Raw Materials^ 

CHAPTER VI. 

In the primary tfcage of the manufacture of Portland 
cenient it is vecessary to he ihemicjilly accurate in the 
estiniatioii of the proportion of carhonate of lime to that 
of silica and uliimma contained in the raw materials. 

If the ingredients of the mixture are not prepared so as 
to contain the exact and neeessai^ projwrtions of these 
eornjxmnds before the succeeiliiig stage of mannfacture is 
proceeded with, no effort on the (wrt of the manufacturei' 
and no scientific o])eration can bring the resultant cement 
up to the standard it might have attained had the pro¬ 
portioning of the ingredients been accurately carried out. 

It is, therefore, desirable for the manufacturer to exercise 
an incessant check, at least upon the determination of the 
calcium carhonate (i)rovided the raw material mixture is 
of normal constitution), and methods must he adojrted of 
accurately testing the mixture with speed and facility, so 
often each day has the test to he made. 

The raw material which will produce the lime (the 
jnain factor in the manufacture of Portland cement) is 
found in many places and is of many huiilities. It may 
he in the form of slag, alkali waste, soft ‘chalk, (ir 
a hard crystalline limestone, or one of the many grades of, 
ctilcium carbonate between the two latter. As a rule, the 
soft chalks are very pure carbonate of lime, but they con¬ 
tain much water, and the hai'd limestones often contain 
in a natural state as much as 99 i)er cent, carbonate of 
lime. 

The olay (containing the silica and alumina) varies 
almost as much, from soft river mud to hard shales or slate. 
The chalk and limestone generally contain few impurities, 
but the clay is apt to contain magnesia, sulphur and 
alkalies, the presence of which must he kept within certain 
strictly defined limits. 


(60) 
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It is necessafy, therefora, first to determme accurately' 
the exact composition of the materials, as some substances 
^ injurious to the finished cement, and others simply 
increase the bijlk wjthout any appreciable benefit. The 
smaller the quantity of these .foreign substances present 
in the raw material me better will be*tBe quality of the 
finished prodtct. ■ • 

Carbonate of magnesia is nearly always present id the 
raw material. The presence of magnesia in Portland 
cement is generally considered*harn*f«l if it amounts to 
more tiian three per cent.; it is, thereforj, usually kept 
within this limit. The effect of magnesia in cement is to 
cause expansion, but the exact chemical action has not yet 
been definitely explained. 

investigations have shewn that five per cent, of mag¬ 
nesia mixed with good cement and made into a pat, 
showed no signs of expansion until the end of six month?, 
the s'ample being under water all the time. Anothei' 
sanqile exj.)erimented with was boiled for six hours before 
any expansion took place, and the ex|>ansion con¬ 
tinued for thirty-four hours. Some exjierts consider 
that magnesia, though possessing marked hydraulic pro¬ 
perties when ignited alone, yields no hydraulic products 
when heated with silica, alumina or clay, and probably 
plays no part in the formation of the cement. It is, how¬ 
ever, incapable of replacing lime in cement mixtures, the 
conqiosition of which should be calculated on the basis of 
the lime only without regard to the magnesia present. 

Nearly all c^y*contains sulphates in small cpiantities, 
and the fir^sence of even the smallest quantity is injurious 
in a theoretical seiwe, but in practice may not be notice¬ 
able if under two per cent. In the finished cement it may 
appear ns sulphate of lime, commonly known as gypsum 
or plaster of Paris. This substance, in the presence of 
free lime, the aluminates usually found in cement, and 
the water used in gauging, forms with them a crystalline 
compound which occupies a much larger space than the 
aluminate and sulphate of which it is composed. For this 
reason any considerable quantity of sulphate will cause 
expansion of the whole mags of the cement, tending to 
produce fine cracks and materially weaken the finished 
work. , , 

ShoulS theVement contain no alumina, the dangerous 
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a fixed proportion in the calcium carbonate/the percentage 
of lime can be calculated from the volume of gas given off. 

We will here give a description of the Fa^ja’* inatru- 
ment‘ 

A is the geneiltlng bottle. 

B is the acid measure. ■ 

C is the gutta-percha acid tube. 

D is the condenser with^lead coil. 

E is the gas measuring tube, having at its upper end 
the two taps F\und G. ^ ■ 

H is the e<)uilibrium tube, which may be movkl up and 
down and secured in any position by fixing it on the rod I, 
by means of the thumb-screw K. 

L is the barometer, to which is attached on its up{)er 
side, the tap M. 

""N is an india-rubber ball, attached by a tube to the 
barometer, which ball may be compressed or expanded by 
turning the handle (), thus adjusting the pressure in the 
instrument. 

To set up the instrument it is first necessary to 
secure it firmly against a wall, taking care that the tubes 
E and H are perfectly vertical. I'ben atiacli the india- 
rubber tube connecting the lower ends of tubes E and 
H. Tube H should then be lowered until its npfier neck 
is a little above the lowest reading on tube E, a funnel 
inserted in the neck of 11. and the tube tilled with water 
until the w'ater rises up to the lowest ropding in tube hi. 
When filling with water, the two taps E ^u 1 d (jj should 
be open, and as air is likelv to accuimdate in'^the india- 
rubber tube 1’, this shoidd be s(|ueeiicd and pressed until 
the air is all expelled. 

The water used should be distilled water, and in order 
that all air may be exj)elled from it, it should be boiled 
and allowed to cool before ixinring into the instrunient. 
Then attach the other india-rubber tubes, as shown in the 
drawing, juit the stopper into the generating bottle A, 
close taps G and M, and see if the instrument is tight. 
This is acertained by placing the equilibrium tube H in 
such a position that there is a difference of several inches 
in the level of the water in the tw'o tubes E and H, and 
noting the reading of the level of the watei't.in tube E; if 
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the instrument's tight, the.water will i-einain at this level 
for an "indefinite |)eriod. If, on the other liand, the water 



in E rjfes or falls, some qf the joints ^re pot tight, and 
they must he^iade tight by binding them with thin brass 
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or copper wire. The condenser D eliould be filled with 
water. 

# 

To work the inetrument.— Halving ascertained that 
the instrument is tight,, the mode of working i^ as 
follows 

Fp’st’ remove the cork from the geueratinj/ bottle A and 
take oat the acid tube C, then open the taps P, G, and M. 
Elevate tube H to such a height that the water in tnhe E 
is exactly level with’the mark immediately under tap F, 
and secure it there by turning the tlunnb-screw ¥.. 'Weigh 
out the quantity of carbonate of which it is desired to 
determine the carbohic acid, and place it in the generating 
bottle A. 

Measure out the |)ro})er quantity of acid to use in the 
measuring glass B, and pour it into the acid tube ('. 
Wipe the outside of the acid tube C, so as to be sure that 
no acid has run down the aide, and insert it, with a pair 
of tongs, into the generating bottle A. Be-insert tbc 
stopper in the generating bottle A, taking care (hat it is 
secure and tight. Close tap G, and take hold of the thund)- 
screw K with tlie left hand and alack it, at the same time 
keeping tube II approximately in its elevated position. 
Now take the generating bottle A in the right hand and 
incline it so that the acid nins out of the acid tube C on 
to the carbonate in the bottle A, and as the gas is gene¬ 
rated, lower tube H, so as to keep the water in tubes E 
and H approximately at the same Jevel. Continue 
shaking the bottle while the gas is generating, an^l be sure 
that all the acid has run out of the acid tube'C. Place 
the generating bottle A in the water in the condenser D; < 
this is to cool the gas, which might have been heated by 
the handling of the generating bottle A, down to the tem¬ 
perature of the. water in the condenser D. Having left it 
there for a minute or so, remove it, and again shake it, 
and note if any more gas is generated. When all the gas 
is generated, which is indicated by the water in tube E 
remaining in a constant position, close the taps F and M, 
turn the handle 0, actuating the ball N, in either one 
direction or the other, so th'at the pressure in the baro¬ 
meter is diminished or increased^, until it indicates the 
normal presstire oi 29.92 inches, or 760 milljmetras, which 
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w more distinctly shown bjr the heavy line. Adjust tube 
M so that the water in it is exactly level with the watei 
m tube and take the reading of the level of the watei 
m tube T^is reading is the amount of gas developed 
at tile standard pressure, and,,siiuply requires correction 
for temperature, which may be ascertained by tables 
already prepared. , ‘ • 

When using the instrument the thermometer shoufd be 
placed and left in the water in the condensing vessel D, 
as it IS the temperature of this* w'atej'o which governs the 
ternpeiiature of tlie gas, but it is as well to try and adjust 
the temjierature of ibhe water to approxinmtely the tem¬ 
perature of the atmos])here of the room in which the 
instrument is worked. 

Before commencing an experiment, the reading of the 
barometer should he ascertained, and if above 29.92 inches 
or 700 millimetres, the hall N should be deflated, So 
that by turning the liandle 0, and allowing the ball to 
expand, the pressure in tlie haroineter will be decreased. 
Jf, on the other hand, the barometer is below 29.92 inches 
or 700 millimeti-es, the ball N should be left fully ex- 
jianded, when by turning the handle 0, so as to compress 
the hall, (he pressure in the barometer will he increased. 

The essential portion of the b’aija’s apparatus for the 
determination of carbonic acid gas consists in the addition 
of a barometer to the e(|nilibrium tube, the pressuie in 
which, and in the gas-generating tube, may be adjusted 
to a standard pressure. 

By this an^iifjrement, temperature is the only factor 
which if is necessary to consider when the volume of the 
gas has been ascertained by the reading of the instru¬ 
ment; and for easy use with this instrument complete 
tables have been arranged, so that the operation of testing 
raw materials only occupies a few minutes. 

This apparatus has been designed to obviate as far as pos¬ 
sible the disadvantages entailed by the difference in volume 
of gases due to variation of temperature and barometric 
pressure necessitating in all instruments designed for 
their volumetric determination a considerable amount of 
calculation. 

The Soheibler’a oalolmeter here illustrated consists 
of the fbllowiag parts:—A small bottlS A provided with 
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^ ] 3 erforated stopper. In the bottle is placed a tube S, of 
Sutta-percha or glass. Another bottle B, is provided with 
three openings in its neck. The central opening of the 
bottle contains n firmly fixed glass tube, yphich connects 



at the one end with A by means of the flexible rubber 
tube J{, and at the other inside the bottle 11, with a very 
light hidia-nibber bladder. 

The left-hand opening is controlled by a pinch-cock on 
a piece of rubber tubing, 'f’he right-hand opening con¬ 
nects B with the Pleasuring tube,^which is an accurately 
graduated gla'ss cyHinder C, of 150 c.c. capacity. "Another 
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glass cylinder p serves to segulate the pressure of the.gas 
measured in C, and a tube P passes through a stopper into, 
the watsr reservoir K, and is connected with D and con¬ 
trolled by meaps of » pinch-cock. 

Bor determining, then, the, atuount of carbonate of 
lime in the raw maferial mixture, a sinall sample, say, 
.5 gramme, finely jowdered, lis placed in the -bottle A. 
The tube or Aip is filled with 10 c.c. of dilute hydroclllorio 
add and placed also in the bottle. 

Shake the bottle A so that the acid-,{ 3 'adually mixes with 
the saitijde, and release the cock P in order that the water 
which has been previously filled into the cylinders D and C 
may be released as the gas in (1 disphices the same; keep 
the water in D on an exact level W'ith C. Then take the 
reading on C and compare the volume of gas given oft 
from the sample with the results from testing a standard 
sample of pure calcium carbonate (fceland spar). ^ 

For example, take .5 gi'amme ])urc calcium carbonate, 
and say the gas registers 18 c.c. on the cylinder 0, and 
say .5 gramme of the mixed ra.w materials for the manu¬ 
facture gives ];t c.c. of gas; the resnll is *^^ = 72.2 

per I'cnt. of carbonate of lime in the sanijile. 

The aiiparalus for estimation is always placed in the 
laboratory, where direct sunlight cannot tall upon it, and 
is also jirotected from any otlier heat, so that the results 
are not all'ected by these conditions. 

.\lthongh otha*’ methods can he adopted for estimating 
the carl¥)nate* of lime in law materials, those described 
above are found to be sufficiently accurate for general prac¬ 
tical purposes, and little or no technical skill is reipiired 
in their manipulation. 

By the titration test the calcium carbonate is decom- 
jTosed by a measured ipiantity of standard nitric or hydro¬ 
chloric acid, and the excess of acid determined by titration 
with standard alkali. This latter test is of a more tech¬ 
nical description, and necessitates the careful preparation 
and standardising of solutions by qualified chemists. 

The method for the estin^tion of carbonate of lime by 
titration is based on the chemical action of a given quantity 
of acid of known strength on a given weight of carbonate 
of lime f the excess of acid being found by titration with 



76 


ANALYSIS ©F SAW MATEEIALS 


standard alkali. The solutions required fpr the titration 
test are noniml hydrochloric acid and semi-normal Sodium 
hydrate. 

To prepare a Standard Normal Hydrophlorlo Aoid 
(HCl) Solution:— 

' » , 

Take. 200 c,.c: of pm-e concentrated acid, and well mix 
with* 1800 c.c. distilled water. 

To standardise the sqlution work as follows :— 

« a 

Weigh out accurately l.OG grammes of jHire dry podium 
Carbonate (Na^ CO3), which should be ignited and cooled 
in a desicciitor befqj’e weighing. Transfer to a 200 c.c. 
flask and dissolve in about 25 c.c. distilled water. .\ild 
two drops of Methyl Orange indicator, and titrate the con¬ 
tents with the acid solution from a graduated burette. 

• .Tt will be found that it takes 20 c.c. normal standard 
acid to neutralise the 1.06 grannnes NaaCflj. ShouW the 
acid be too strong water is added, if too weak, more acid 
is added, but it is better to make sure of the acid being too 
strong as it is much quicker to dilute to Standard than to 
raise by addition of more acid. For rapid correction the 
following calculation is advised ;— 

Example: —Acid required to neutralise 1.06 gr. NajCOj 
= 19.2 c.c. .\s standard acid takes 20 c.c. to neutralise 
1.06 gr.NaaCOg each 19.2 c.c. in stock solution will require 
.8 c.c. water to make up to 20 c.c. The stock solution of 
acid is 2,000 c.c., as above mentioned. 

Thus:— 


/. 204.1 X .8 = 83.2 c.o. water required. 

After additions have been made to the acid solution, 
repeated titrations with 1.06 gr-. Sodium Carbonate must 
be carried out, showing well agreeing results at 20 c.c. 
before the acid is passed as correct normal. 

To prepare Standard Semi-Normal Sodium Hydrate 
(NaHO) Solution take about 44 grammes Pure Sodium 
Hydrate (NaHO) sticks, and dissolve in about two litres 
of distilled water.. 



ANALYSIS pF EAW MATERIALS 77 

Fill a graduated burette* with the Standard Acid boIu- 
lion, also a burette with the Sodium Hydrate solution. 



XlTUATION AI’I’AHATCS FOIl ESTIMATION OF tatOj IN 
1 !aw Mateiiiau 


Run into a flask from the burette 25 c.c. of Acid; two 
drops ot Methyl Orange are added, and'the» the solution 
of Sodium Hydrate is run into the flask from the burette 
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%ill the colour just turns yellow. As the alkali is half the 
'strength of the Standard Acid, 25 c.c. acid should Require 
50 c.c. of the alkali solution to neutralise it. ^ strong 
solution of tlie Sodium Hydrate solution us best diluted 
dqwn in the same niethodvis used fpr the acid. Seteral 
titrations must, be* done with results agreeing at 25 c.c. 
acid,requiring 50 c.c. alks^i before the solution is passed 
as correct. 

In using the Standard - Acid and Alkali method for 
testing for CaCOl. the raw material mixture (chalk or 
slurry) is dried and well ground in a ijiortar. . • 

Weigh out accurately 1 gramme, and transfer to a 200 
c.c. flask. • 

From the burette run in 25 c.c. of the standard acid, 
wash down with some distilled water the sides of the flask, 
yien place on a hot ))late and boil for a few minutes. 
Remove and add to the flask a few dro[)s of I^henol 
Fhthalein solution (indicator); now run in the standard 
alkali from a graduated burette until the solution turns a 
purple tinge (this point, when all the acid is neutralised, 
is very distinct), then take the reading on the burette. 

The method of calc.uluting the CaCOj is as follows :— 
The number of c.c. alkali required, divided by two, gives 
the amount of acid neutralised by the alkali; which, sub¬ 
tracted from 25 c.c. gives the amo\int of acid used by the 
carbonate of lime in the slnn^. This result, multijdied 
by five, gives the ])ercentage of Carbonate of Lime. The 
above calculation is arrived at from the chemical reactions 
in the following equation ;— * * 

2HC1 + CaCOs = CaOla -1- HaO -t- COa 

An explanation of this equation is as follows 

2HC1 + CaCO, 

2 (1 + 35.5) + 40 + 12 + 48 _ 

73 100 

The molecular weight of Hydrochloric Acid (HCl) is 
36.5 and of Carbonate of Lime (CsCOj) 1(X). Then 100 
CaCOs requires 73.0 of HCU Normal Standard HCl con¬ 
tains 36.5 grammes Hydrochloric Acid in 1,000 c.c., there¬ 
fore 1,000 c*c. will decompose 50 grammes of Carbonate 
of Lime (CaCOj), therefore 20 c.c. Hydrochloric*Acid will 
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decompose I •gramme Carbonate of Lime (CaCOi). 
Thus 

Example:—1 gramme of cement raw material mixture, 
treated with 25 c.c.*of Normal Hydrochloric Acid (HCI) 
and boiled, on titration takes’19.6 c.c.„of Semi-Normal 
Sodium Hydmte (NaHO) to neutralise! ■ . . 

As 1 c.c. ajd re(iuires 2 c.c. alkali then 19.6 c.c. divided 
by 2 equals 9.8 as the amount of acid neutralised by the 
alkali. 

Then 9.8 c.c. subtracted from 2.5 ”c.c. (the amount of 
acid talfefi) leaves 1.5.2 c.c. which have been used up by 
the Carbonate of Lime. 

Now :— 

20 c.t., aeid — 1 of Carbonate of Lime 
l,';.2c.e. = .70 

In I gramme of mixture there is .76 „ „ 

„ 100 grammes „ „ 76.0 „ ., 

= 76.0% CaCOj 

or the equation is as follows ;— 

. ., e.e. of alkali r,_r,n 

Acid - . 5 ^ X 6 = % of (laTOj 

In it well-appointed establishment, if the raw materials 
are found to viiry in iinalysis, the testing takes place as 
the materials are quarried, and the proportions are again 
corrected before the mixttire is passed for the succeeding 
process of calcination—a stage, again, entirely dependent 
upon the accurate jierforinance of these chemical tests, and 
upon a due afjir^ciation of the meaning sind value of theii 
results.' 


Analyais of Raw Materials. 

When a mixture of the raw material has been prejiared 
for the manufacture of Portland cement the method of 
analysis is ns follows :— 

Loss on Ignition. —Heat 1 gramme of the mixturt' 
in a platinum crucible, first gently over a bunsen flame, 
then strongly over a blast lamp. Cool in desiccator and 
weigh., The difference in weight is the Iqgs on ignition 
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in organic niatter, carbonic a«id gas, and. any combined 
water. 

Inaoluble in Hydrochloric Acid (10 per cent.).—^Now 
break up the ignited material in the chiciblB with a smooth 
glass rod. Transfer to a beaker and digest with a l6' per 
cent, solution 6f Hydrochloric Acid. t 

Filter off insoluble material, and wash r/ell with hot 
water; ignite and weigh. 

Silica (SiOj) aiid dhlef Bases :—1'lie insoluble 
residue from ,the above is then mi^ed thorongWy with 



three to four times the quantity of double carbonates 
(Sodium and Potassium C'arbonates—Fusion Mixture). 
Heat the crucible gently at first over a bunsen flame, 
gradually increasing the flame, then to a quiet fusion over 
a blast lamp. 

This fusion decomposes the insoluble silicates. 

Allow the crucible to cool to dull redness, then place it 
upright in cold water to induce raj»id cooling and cause the 
m'ass to leave the sides of the crucible. Place the crucible 
and contentsein a'beaker with 50 to 100 c.c. of warm water, 
cover with a clock glass, and digest for a few minutes. 
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Now slowly Kd(' strong Jiydrwhloric Acid (HCl) drop by ' 
dro|) till tlie solution is acid, and digest until all the con¬ 
tents are' dissolved. Kick out the crucible, clean with a 
rubber-tipped rod and wash well. Now pour the contents 
of tliC beaker into an,evaporating dish, and mix together 
with the filtrate from the insoluble, in -Hydrochloric acid 
(above). TbAi place on a hot plate and evai(t)i-ate to ^y- 
ness, but care' tnnst be taken against loss from spurting. 
If desired or' necessary the analysis of the 'soluble and in¬ 
soluble. in hydroehloi-ie acid may be carried out separiCtely. 

When dry, bake the contents for ten to fifteen minutes 
at a good beat to make the silica (SiO-) insoluble. Cool, 
add 50 c.<'. llydi-ochloric Acid (1 to 1 of watei’) and digest 
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for ii short tiiutf, xhoti iidd ahoul 5U ('.c. warm vviiler; boil 
and filter o"' the silica. As smne silica, generally remains 
soluble where there it a large body of salts from an alkaline 
fusion, it is best to again eYiijioiate the filtrate to dryness 
and dissolve up as befoi’e, filtering the solution through 
the same filter iiaper. Wash the precipitate well with 
warm water to free it from Alkali Chlorides. The moist 
precipitate and filter pajier are jilaecd in a platinum 
enicible, ignited gently to burn off the carbon, then 
strongly over a blast lamp. Cool in a desiccator and weigh 
as Hiliea (BiOal. 

Oxide of Iron and Alumina (FezO.,, AlsOj).—To 
the filtrate from the Silica add a tew dxops.Nitrie. Acid 
(ENOa'i'and boil; now iidd slowly a slight excess of 

F 
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amnioniu and boil till the liquid has only, a faint smell of 
ammonia, bllter oil the j)recipitate and wash once with 
hot water, wash the precipitate back into the beaker and 
dissolve in Hydrochloric Acid (1 to ' of waiter) and re-pre- 
cipitate with ammonia, l>j)il as before and filter off the 
precipitate, allpwin}; the filtrate to run into the one from 
theTirst-])recipitation; then wash well witV warm water. 
The moist precipitate and filter paper are tncn transferred 
to a I’latinuni Crucible, ignited gently first, then with 



full flame of bbist laraj). Cool and w dgli as Ferrie Oxide 
(FeaOaJ and Alumina (ALOa). 

Saparationof Iron and Alumina (A) .4ni) (B).—A. 
The preeijatate after weighing is fused up with a little 
sodium carbonate (NaiCOj), tlie mass dissolved in a little 
hydrochloric acid, a strong solution of caustic potash 
(KHO) added and the solution boiled for five minutes. 
Dilate the solution slightly and filter off the iron precipi¬ 
tate and wash well. (The filtrate (X) is laid aside and 
used for the determination di the alumina.) 

The iron precipitate is dissoked in hydrochloric acid 
(HCl) and te-precipitated with ammonia, Jioiled, filtered. 
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well washed, ignited and weighed as ferric oxide (FeaOj)." 
To tlie filtrate (X) add hydrochloric acid, till the solution- 
jtist slioVs an acid reaction with litmus paper. Add a 
slight excess of aiiMiionia, and boil until the liquid has 
only a faint smell of^mrnoniiiM Filter off the precipitate, 
wash well with hot w'atcr, ignite grtitly at first, then 
strongly in blast lamp; cool anti weigh as alumina '(AjaOs). 

H. Instcaa of burning and weighing the combined pre¬ 
cipitate, the. precipitate is wasiied back iiito a beaker and 
boiled direct witli caustic i)otash (KH0) for the. separation 
.of lhe*nUimina, thg method being exaclly^as for A. 



BoILINO Sol.l'TION Kill I’llIXIJ-IT.AriOX. 

• 

Lime (OaO).—To the combined filtrates from the two 
precipitations of the iron and alumina, add a few drops of 
ammonia and bring to boiling, then add about 25 c.c. of 
a saturated solution of ammonium oxalate, stir well, and 
boil for one minute. Allow the precipitate to settle, then 
decant as much of the clear solution as possible through a 
filter paper, keeping the jirecipitate in the beaker. Now 
dissolve the precipitate in dilute hydrochloric acid and boil, 
re-precipitate with ammoniaand a little ammonium oxalate. 
Allow the precipitate to settle and filter through the same 
filter fiajier, allowing the filtrate to mix with^the first one; 
wash the precipitate with a little warm water, replace tne 
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beaker under the filter tunnel Tor the renirinder of wash 
water which is ignored. (The filtrate from first and 
second precipitation together with the first wash tvater, is 
kept for the magnesia determination). The precipitate 
is ail washed into the filter paper and.allowed to drain, ttie 
ndist precipitate ‘and filter paper is transfeiTed to a 
platinum ■ crucible, ignited'gently till all t"ie carbon is 
burned off, then strongly ignited in the blast lamp till the 
weight is constant. Tile calcium oxalate is reduced on 
heating to lime (CaOt and is weighed as such. 



FH-TKIU.N'd OFF A I’ltWriPtrATK. 


Magnesia (MgO).—The filtrates from the lime are 
cixiled down, and an excess of ammonium phosphate solu- 
lion is added and stirred briskly. Then about 10 c.c. 
strong ammonia is added, the solution is again stirred 
briskly and allowed to stand overnight. 

The precipitate is then filtered off, and washed with cold 
dilute ammonia water. The moist precipitate is then 
ignited, first gently, afteiwaj’ds in the blast lamp, and 
weighed as magnesium ))yro-pho8|>hate. 

To calculate the magnesia, multiply weight hamd hy 
.3fr24 which equals MgO. 


ANAL'YSIS OP nAW AfATEBlALS 85 

Sulphurio ^iihydrid» ( 8 U 3 ) .—Two graiuuies of the 
raw material are boiled with hydrochloric acid (1 to 2 of. 
water) and filtered. The filtrate is raised to boiling and a. 
10 per cent. soJutioii,of barium cliloride is added, and the 
whole boiled for a few minutes.,. The precipitate of barium 
sulphate (BaS 04 ) is* allowed to settle* Jor two houfs, 
filtered, well washed with warm water,-ignited'and 
weighed. (Talculate as follows:—Barium sulphate 
(BaS 04 ) found, divided by. two, multiplied by .3433 
gives sulphuric anhydride tS 0 , 5 ). 

The Alkaliea scfdiunt and potassium ait not ordinarily 
determined. 


An analysis of chalk is conducted as follows :— 

• 

Silica and Insoluble. —Weigh out one gi'ainine of 
lincly ground dry chalk into an evaporating dish, add about 
.'JO c.c. w'ater and cover with a clock glass, then slowly 
add about 10 c.c. concentrated hydrochloric acid (HOI). 
When all elTei'vescence has ceased, wash the clock glass 
into the dish, [ilace the dish on a. hot plate and evaporate 
the contents to dryness. Bake for minutes to drive 
oil' coin|ileteh the hydrochloric acid and make the silica 
in.sohihle. Cool the dish, add about ‘25 c.c. hydrochloric 
acid (I to 1 of water), and digest on hot plate or sand hath 
for a few minutes, add about 50 c.c. warm water and boil, 
filter, wash the |<recipita.te in filter paper well with warm 
water, ignjte fftrongly on blast lanij), and weigh as silica 
(SiOa) and insoluhif. If necessary to estimate the silica, 
fuse u|i the silica and iusoliihle with 8-10 times the 
(piniitity of double carhonales and jinnieed with analysis 
as in cement mixture. 

Ferric Oxide (PezOs) aud Alumina (AkOs).- 
To the filtra.te add ammonia in excess, boil till solution 
only smells faintly of ammonia, allow precipitate to settle, 
and filter oil, washing once with hot water, dissolve the 
jirecipitate in dilute hydrochloric acid and re-precipitate 
with ammonia, boiling as •before. Filter, wash well; 
allowing the filtrates from both precipitations to mix. 
ignite strongly and weigh as ferric oxide and alumina. 
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If neceRSiuy to separate ttie iron and g,luinina, follow 
• method {jiven m analysis of cement mixture. 

Lime (CaO).—To the combined filtrates atfd a few 
drops of annnonia and raise to boihnf;, then ad.l about 

w„'ii ‘ ’S' f solrftion of ammonium oxalate; stir 
wel,, and bcjil for one minute. Allow the preciiiitate to 
s tilo, then decani the clear litinid throuffh it filter mix‘r 
keepinfi the iwecipitate in (he beaker. Now wash th; 
precipitate m the beaker ..ith warm water and filter off. 



Hot I’utk oh Sund liiTii fob KvAvoli*TioN, 


washiiiff with warm water into the filk«r /lajier. Allow (o 
dram, ^mite gently first, then in the blast lamp imtil the 
tteight IS constant, weighing as lime (('aOl. 

Magnesia (MgO).-To the filtrate from the lime mid 
excess of saturated solution of ammonium phosjihate, stir 

' I/'™ lOc.c. strong ammonia, stir again 

and allow to staiu? over n»Ldd Pihor nff r***/ ' u a. ^ 

.Tpt™""”"”' <WsS‘.o,). cJiJuIm, 

The alkalies are not usually determined. 
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' An analyajis of olay is cuuducted as I'ullows :— 
(irind up the sample of clay very finely and dry in an oven 
afc lOlF-HO'C. Weigh out one graiiiine into a platiuurn 
l•rueible and nyx w»ll with 8 to 10 limes the <pianlity 
of double carbonates (sodium,;ind potassium, Js'aaCOs, 
K2CO3, fusion niixtur^.- 

Heat gcJitlV at first over a 4hmscn nami”, theiiT ifjnite 
over blast lamp to ipiiet fusion. Allow th(> crucible to'cool 
below redness, then ))lace uprif^it in cold water to induce 
rapid ccading and catisc Ihe melt to •leave the crucible. 
Now pku-e the crucible in a beaker with aljpiit fO c.c. hot 
water and digest for a few niinules. Cover (he beaker 
with a watch glass and make the solidion acid by adding 
slowly strong hydrocliloi'ic acid, digest till all the melt is 
dissolved, pick out the crucible and thoroughly wash. 

I’oiir the contents of the beaker into an evaj)orafing dish 
and evaporate to drvne.ss and hake for dl) minutes. ('o()l 
Ihe dish and add about 80 c.c. hvdrochloric. acid (1-'2 of 
water) and digest on the hot plate for a few nunnies. Add 
about .70 e.c. warni water, boil and tiller olf the silica. 
'rT'ansfer the filtrate to Ihe evaporating dish and again 
evaporate to dryness, bake as before, then dissolvi' up in 
till' same manner, and filter through the same tiltcr paper. 

Owing to the large body of salts, it is extremely dillicult 
to get the .silica baked, .so two evapoi’ations are nece.s.sary 
to gel all the silica, out of the solulion. W’ell wash the 
pn-cipilate, ignite strongly, and weigh as silica. 

FerricOxi^e%,nd Alumina. —.\dd excess of ammonia 
to the filW'ate from silica to precipitate the iron and 
alumina. Boil olf the exce.ss of ammonia, lilter and wash 
once with warm water, dissolve the precipitate in hydro- 
chlorie, acid and re-precipitate with ainrnonia in same 
manner. 

Boil to free Ihe .solution from excess of ammonia, 
lilter. wash well with hot water, ignite and weigh as 
I'orrif oxido and tdiiiiiinii. 

If necessary to separate the feiric oxide and alumina, 
follow the method given under the raw material mixture 
analysis. 

Lime. —To Ihe mixed filtrates from the two precipita¬ 
tions of iron.and alumina, add a, few dro])S of ammonia 
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and boil, then add about ii5, e.c. saturated solution of 
aninioniuni oxalate, stir and boil for one minute. Allow 
the precipitate to settle, and filter oil’ the dear, solution, 
kee])in{' the pree.i])itate in the beaker; now dissolve the 
j)recipitate in Iiydrochloric add and re-i)redpitate as above 
with ainnionia an/.! a little ainnionidm oxalate, boil, allow 
to settle.and filter through Hfrme filter paper. Wash well 
with warm water, allow to drain, ignite strongly and weigh 
as (CaO) lime. The preci[)itate is ignited in the blast lainj) 
until the weight is e/»nstaht. 

Magnesia.- To the mixed filtrates from the lime pre¬ 
cipitations add excess of ammonium phosphate and stir 
well, then add about 10 e.c. strong ammonia and again 
.stir, allow to stand over night. Kilter the precipitate, wash 
well with dilute anmionia water, ignite strongly and weigh 
es magnesium pyrophosphate (Mg 2 Pa 07 ). Calculate as 
previously. 

The alkalies are -not usuallv determined. 

For the estimation of sulphurio anhydride, proceed 
as in the analysis of the mixed raw materials. 
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Burning or Calcining* 

CiHAlTKR Vll. 

Thr stage in tiie iiiainiluctine of Ptwiland cement which 
followi* the scientitie and inecluinieal prejjaration of tlm 
raw materials is tfiat of calcining or hnrning tlie raw 
product at a liigli temperature to a point of slight vitri- 
faction, resulting in what is usually called a cement 
“ clinker.” 

.'\s will he seen from the. foregoing chapters, Portland 
<-ement consists of a. chemical comhination of chalk (csir- 
honate of lime) and clay (silira-, aliimimi, &c.) which are 
fused together under the action of great heat, resulting in 
a clinker which when ground to an im))alpahle ]xiwder 
is rejwly for the market as Portland cement. 

Tn the raw materials it will be observed tluit the car¬ 
bonate of lime, silica and alumina are in a chemically 
uncoud)iued state: in the conversion of the prepared raw 
materials into cement clinker by burning, the silica and 
alumina of the clay immediately enter into combination 
with the lime, forming calcium silicates and ahiniinates. 

These com|)oi*nds are the imjKjrtant constituents of 
Portland (;pm«^t, and give to it, when combined in their 
proper pro}H)rtions,,its liydraidic j)ro]iertie8. None of the 
«-ements of commerce, however, is made up wholly i)f 
these three ingi-ediente, for the raw materials from which 
<'ement is made are never (piite luire. It has been cxui- 
tended, for instance, that iron oxide, behaved, in burning 
a. mixture, the same as alumina, and that a good cement 
exmld be made in which all the alumina was replaced by 

iron oxide. , . , i 

The calcining i)rocess is a purely chemical one, and a 
great responsibility is involved in the proper burning of 
the raw materials; for just as the primary blending of the 
chalk and rla.y can make or mar the quality of the cement, 
(89) 
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so may the binning of tlie Material destroy all that is 
valuable in the finished ))roduet. If the temperature is 
too high in the kiln the resultant material is impaired as 
a eenient; on the other hand, if the heat he not sufficient, 
the necessary chemical cluiuges do pot take place, alid a 
sitnilarly- iinsaljsiuctory result is obtained. 

'I’he'proper degree of lanning is indicate^ b\ the for¬ 
mation of a dense greenish-black duiker. Light-burned 
(•linker is brown in eoloui^.and comparatively soft, while 
over-burned clinkar'is fused and slag-like, fiong-con- 
tinued burning, excess of clay, or iipperfeet rawimixiiig 
causes the clinker to “ dust ” or fall to powder on cooling, 
and this [lowder slwws little or no hydraulic profierties. 
This defect is iniich more common in vertical or inter¬ 
mittent kilns than with Kofarv kilns, as the (|iiick burning 
and rajiid cooling by the latter process i.s most beucticial 
to the clinker. 

Little information is published concerning the critical 
temperature in the process of calcination, cliietly owing 
to the difficulties of obtaining accurate records in practice. 
I laboratory experiments have, however, been made from 
time to time, and these tests show that the leuiperaturc 
obtained in the kiln for producing normal Portland cement 
(7.') to 7(i per cent. CaCGs) is close to Llbh® P., or 
h’. .t reduction of ti per cent, in cai honate of lime 
has reduced the calcining tem))erature some •')0° C., or to 
'2.1I>‘2° h'., hut these temperatures are only approximate. 

It is generally considered, however, that for the heat 
usually required to bring the raw materiails to the point 
of incipient fusion a tem]ierature of some ‘I.-'iDf)'’' h’. must 
he maintained in the kiln. * 

This temperature is variable, according to the analyses 
of the raw materials and particularly the percentage 
of carbonate of lime contained in them; and, again, 
it has been further shown hy experts that with cement 
of normal com|x)sition the finer the grinding of the 
raw mixture, and the more thorough the hiirning, the 
more complete the diffusion, and the less tendency there 
will be towards a tension in the solid solution. As an 
illustration of this, it will heicnown that clinker prepared 
from raw inaterials of ordinary lincness will sometimes 
set rajiidly when first ground into cement.. If the same 
raw mixture is ground to a much finer poj\'der and hiirned 
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ill the lahoratoify, a. clinkrt' is obtained wliieh yields a 
eenient tliat docs not set in less than one hour after being 
irmdc. At the same time, such very fine raw materials 
can be burned at a. twnperature more than ‘200° J<’. below 
that •ie<piired for the, coarser industrial jnixtnre, and if 
burned at the usual high tem|)eraturc \Vry finely gi'quiiil 
raw materials^fusc (juite readily’. 'Phis leads to Hie con¬ 
clusion that a proper balance between fineness of grind¬ 
ing and fuel e.xpcnditure must,be arrited at in order to 
elTecI the greatest economy. ’ ' 

fn tllf (Ijstrict wbcye fuel is chea|>, a. coarsijT raw mixture 
may be burned than would be the case where fuel is dear, 
and in the latter ease it would be cheajilM’ to go to a greab'i 
expense for finer grinding. On this basis we arrive at the 
theoretical conclusion that if a very finely ground mixture 
wi'ie submitted to a very low temperature, say 500° F,, 
below that usually emploved, for a sulliciently long time, 
the result would be as satisfactory a clinker as that now 
produced, ft is probable, for instance, that with the dome 
kiln hereinafter explained the greater length of time of 
burning which is necessary is due to the fact that dilTiision 
goes on much more slowly than in the rotary kiln, and at 
a lower temperature. It also explains why that portion 
of the clinker which has not attained so high a tempera¬ 
ture as that in the hottest ]iart of the kiln sometime" 
dusts. Diffusion has not been complete in this iiustance 
and the solid solulions are not in eipiilibriuni. 

It follows, therefore fl) that the higher the percentage 
of lime tjiie higtier the temperature which is necessary to 
complete'' ififfiision in comb'ination with silica, and the 
greater the neivssity for a large surface area of contact: 
and (2) the finer the grinding of the raw mixtnri' the 
higher the- percentage of lime which can be carried. 

Tt is thus apparent that a proper chemical comjKisition 
in the raw materials alone is no guarantee whatever that 
the cement will be a satisfactory one, as in such a case 
the materials of which it is composed may not have 
attained thorough diffusion, and, consequently, not be in 
equilibrium. 

ft is very necessary, therefore, that keen attention 
should be given to tlie proper calcination of the raw 
materials, a jifocess requiring considerable ejfperience and 
care. 
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Unfortunately, the burning-of cement up to the present 
lias not been a scientific process, and too much attention 
and study cannot now be given to this hitherto imperfect 
stage in the inanufactiu’e. It is true, that.with the advent 
of the Jtotary Kiln many,facilities,have been affOTded for 
investigation in tliis direction, and there is little doubt that 
nuicli scientific knowledge and practical improvement will 
result from the growing uses of this new departure in 
burning operations. 

The Kilns for burning the raw materials are always 
constructed for either an “ intermittent ” "or “ con- 
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tinuous ’■ process, among the former being the original 
Dome or “ Bottle ” Kilns, now obsolete, and the chamber 
type of Kilns; while the latter comprise the Dietzseh, 
Hoffman, Aalborg, Stein, and Schneider or Shaft Kilns, 
and, lastly, the more modern kiln now generally adopted— 
the Rotary Kiln. 

Intermittent kilns are of such a design that the burn¬ 
ing necessitates a distinct loading and drawing operation, 
giving intermittent working and demanding the shutting 
down of the kiln during the ojperation of drawing the 
clinker. The loading, burning, cooling and ^rawhig of the 
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interuiittent kily occupies some five to six days. In tlie 
oontinuouB kilns the burning of the raw material is cou- 
tiiiuous, the “ loading ” of the kiln and the “ drawing " 
of the clinker taking,place at the same time, while the 
burning proceeds without intern^ption, thus making a roii- 
tinuous process. (Vfitiiiuous kilns avij ^generally more 
costly to construct and require nwrc .-^killed ialH)ur for their 
operation. TRese kilns are, however, economical in fuel, 
and whei’e they are used tjie calcining [jfocess is much 
more regular and the cement generalU^of better (piality. 



(Iisiii III- liorri.i: K(i..'is. 


The intermittent Bottle kiln was built in brickwork, 
vertically oval .shajied, firebrick lined, having loading 
“ eyes ” near the top of the kiln. It was originally the 
only type employed in tlu' industry, but is not now in use. 
Coke was used as fuel, and the consumption amounted to 
about 45 |)er cent, of the weight ol' the clinker produced. 
The method of working the kiln is similar to that of the 
Chamher types, which are still used in this country to a 
small extent. 

The first step in loading is the careful arrangement of 
the cok^upoikthe faggots which are placed dh the bars of 








BUBNING OK CALCINING 


'J-4 

the kiln and are used to stai+< the fire. The kiln is then 
loaded up with alternate layers of raw material and coke, 
until filled. As the loading of the kiln proceeds, the 
attendant burners arrange that the layers of fuel and raw 
material shall gradually decrease somewhat in thickneas 
towards the ttjl. ^ By this'means tfie requisite heat is dis¬ 
tributed more regularly oyer the kiln when it is fired. 

In the conversion of the mixture of carbonate of lime 
and clay into cement clinker the following changes take 




place. When the coke becomes ignited by the firing of the 
faggots moisture from the raw material is expelled. With 
the subsequent red heat the carbonic acid gas is given off, 
and the final stage in the burning is approached when the 
temperature is increased to almost a white heat of 2,000° 
to 2,500° Fahr., causing the material to change into a 
state of slight vitrifaction. Layer after layer of the blocks 
of raw material are thus calcined into what is then termed 
cement “clinker.” With the ‘ intermittent ” kilns 
above mentioned, this process goes on untij the whole of 
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the contents of the kiln areiiurned throiif'h and the clinker 
cooled down, when cool the unloadin{< of the kiln takes 
pliiee. 

The Dome or Bqftle kiln, here illustrated, is of the 
simiilest t.\pe of construction.^^ The chainher is usuallt 
cfr” shajaal, and as explained, the lumps*(^f raw inaterhil 
jind coke are passed into the kjln in alternate layersf the 
estimation of* the proper amount of the latter ie(piirinf.‘ 
much experience since the^lraught in the kiln varies with 
the, weather, and thus this method (J Jairning is more or 
less at*the mercy of the winds. flence the amount of 
over-lmrned and nrftler-hurned clinker is likely to he ex¬ 
cessive and the outinit small. The cojt of labour and fuel 
in working these kilns is high, and therefore the kiln has 
become obsolete. 

The Chamber kilns when introduced were undoubtedly 
a go'cal advance on the jirevious .system of burning' for wet 
|)rocess manufacture, and these kilns are still used to a 
.-.mail extent in the wet process in this country with coke 
as fuel: this type of kiln is also here illustrated. 'J'he 
main economy in tlu' case of the t'hainber kiln is efi’ected 
by the. hot gases [mssing from the kiln over the wet slurry 
which has been previously j'umped from the mixing })lant 
into a chamber which is practically the flue of the kiln, the 
kiln ]iroper being at one end of this chantber and the 
chimney stack at the other. 

'J'he Chainher kilns are intermittent and have a. com¬ 
paratively small^outinit, and reijuire considerable labour 
and hea^y (piiftitities of coke. 

'J'hen- is'also some, skill required m the management of 
the chamber kiln. If the “slip when put into the kiln 
is not reasonably dry, the moisture which is driven olT 
freipicntly condenses on the surface of the slurry in the 
cha-mher, adding to that already in the slurry. This 
water has, therefore, to be got rid of before the drying of 
tin* slurry commences. 'Then there i,s the additional 
danger of the slip falling away to dust in the kiln and 
more or less blocking the draught. Again, if the jiropor- 
tion of water in the slurry is not kept down us low ar 
possible, the heat in the waste gases from the kiln is in¬ 
sufficient for drying, and extra fuel has to be added to the 
kiln. 
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Very often is it tlie experience on cenjent works that 
loo little care is given to the question of tlie proportion of 
water in the slurry, and as this is a material factor in the 
process of manufacture attention should be given to this 
point. 

■ It is fairly Ve,rtain, llowever, although not usually 
realised, that'll is advantageous with these kilns to carry 
away the resulliiig gases and steam, without* jiassing them 
over the slurry until the kiln " drops," as it is usually 
called, or, in othe’’ words, until the fire breaks its way 
through the material in the kiln and the contents .‘ousoli- 
date. Only then when the hot gases lire fairly dry should 
they he allowed to gravel over the slurry, and with enough 
draught merely to prevent the fire from being smothered. 
My this means, the gases are ke])t hack, so to speak, and 
held down to the slurry, which then dries very rapidly. 
if this is (lone, two feet of slurry in the drying ehamher 
ea.n be dried in twenty to (hirty hours. 

Given ordinary attention the resultant clinker from the 
Chamber kiln is generally of first-class ijuality, and a 
thoroughly good cement is manufactured by this process 
of burning, providing only.giKid ipiality elink(*r is cbosen 
for grinding. 

The Batchelor type of chamber kiln is constrnoted on 
somewhat similar lines to the Chamber kiln, with this 
(lilTereuce, that instead of the single clianiber, as des(.'ribe(l 
in the paragraph above refemng to the Chamber kiln, a. 
series of slurry-drying chambers are arranged. 

.\t the back of the hurning portion ol-t|je kilns two or 
three arched chambers are arranged one above toe otlu'r. 
The hot gases from the kilns circulate through lh(> 
chambers and are finally discharged into a chimney at the 
rear end of the kiln, one powerful shaft sei-ving for a block 
or gioup of kilns. This kiln may be lighted as soon as 
charged and the (irocess of covering the flcKirs with slurry 
mav proceed during the early stages of burning. 

■\\^ith this kiln. the arrangement described for the work¬ 
ing of the Chamber kiln is, however, not so easily adapted, 
as the gases have to be drawn down to the second level. 
Tn some cases the chamber is on one level, but divided 
into two compartments by a lofigitudinal wall. The two 
chambers are'so arranged with dampers that either or both 
can be connected to the kiln and chimney. The Batchelor 
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kiln is used in jthe wet precess of niunufaetme in this 
country, but again it is costly in labour and fuel (coke) 
alUiougb giving good results. 

\\ ith the oontinuouB kilus now used in Great Britain 
—Jiutfit of wlucli are ioeiitionod heretofore—the heat h) 
kept up by the regular feeding of the eSal,»or coke, used 
lot fuel togetl^er with the raw*iijaterial. TLic pi’incipal 
diirerence between what may be described.as the old in- 
terinittenl method of binning, and the continuous 
kilns here mentioned is, that, iftslead of burning 
the kiln eight out, cooling, and drawing it ciujity 
each time, the burning of the kiln raiely ceased 
(except for refiairsi, thus slun»ing considerable 
economy, since the lieiit is constant, and the cold air in 
travelling up through the burnt clinker, which it axils at 
the bottom of the kiln, is at the same time itself heated on, 
its wtiv to the hrittg zone. /\fter letiving the lire zone in the 
form of heated ga.ses, the outgoing air jiarts with the greater 
portioti of its lu'at in (hying the raw material that is travel¬ 
ling dow nwards (towards the tire zone), and through which 
the hot air passes, now conijiaratively ccxil, on its xvay to 
the chimney. 

The economy of a continuous kiln is proved by tlie low 
temperature of the gases when they reach the chiinney, tlie 
reduction being so great that although the temperature 
must have been some ‘2,500° Balir. at the lire zone of the 
kiln, the heat of the gases leaving it is only suUicient to 
evaporate the nuusturc. 'I’here is no doidit that a con- 
sidi-rable^avin"* (d fuel (some .5(1 per cent.i is etTected by 
the ado|)tiofl of certain “ eonliuuous ” tyiies of kilns, for 
the consfant cooling and heating of the dome kiln, the 
chamber, and other kilns previously mentioned (the in¬ 
terval occurring between the unloading tind loading) is so 
much heat, and con,se(|ucntlv so much fuel, wasted. 

'I’hcDietzsch kiln, now rarely employed in Kngland, 
is one of the exiimples of the second type, or continuous 
kiln. The dried slurry or raw material shaped into bhx'ks 
ill the form of bricks is introduced at the base of the stack, 
into what may be called th^ heating chamber. Below 
this there is a right angle flue with a short horizontal 
section, from which the hot slurry is raked, so as to fall 
into tlie fuimiBg chamber which is fed with coal by hand 


<1 
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labour. The clinker in the lower part of the kiln is cooled 
by the air enlerini; throujjh the gates below, while the 
dried slurry in the upivr chaiuber i.s heated by the ga,ses 
escaping from the burning zone. At intervals a portion 
of tlic clinker, partially cooled, is removed at the hottom 
of the kiln. Ihvs causes a gener.al settlement in the kiln 
and leaves a space at the-top of the buming chamber, into 



whicl) the dried slurry from above is raked, and more fuel 
added, and .so the process of burning continues. I’his kiln 
takes small or “ pea nuts ” size coal for fuel and is more 
economical than the intermittent types, using only some 
25 per cent, of coal for the weight of clinker produced. 

The working of the Dietzsch Kiln, illustrated on this 
page, may be described as Ibllows:— 

The raw.material blocks are loaded on the floor level A, 
into the opening B, and the chimney C is tJuis always full. 
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On the working,floor D, the blocks are drawn by the kiln 
burners over from the stage E by long shovels, and dropped 
into the fire zone F, and after each layer of raw material 
is placed in po§ition*it is covered with a layer of good 
quality nutty coal, an^ the loadwig door G is closed. The 
burned material then passes down to the Jbottom of the 
kiln, and the clinker is drawn ut H. The dperatibns of 
loading and drawing the kiln proceed simultaneously. 

The Hoffman Kiln has not met with muelj success in 
this coantry owing to the fact that the wet process of 
manufacture is mortT generally adopted, and the kiln is 
essentially designed for the dry method. In this kiln 
small dust coal only is used, but with greater economy in 
quantity consumed (some ’25 per cent.) as compared with 
the fuel consumption of the intermittent kilns previously 
mentioned. • 

'J’he Ilollman ring kiln consists of a series of compart¬ 
ments built round a large central stack. The chambers 
communicate by means of flues in such a way that the 
smoke and hot gases from one may be passed through other 
chambers before reaching the chimney, d’he kiln may be 
either “up draught” or “down draught,” according to 
the direction in which the heat is drawn through the 
chamber. The compartments are charged from the sides, 
and when the moisture has been driven off from the 
material in the chamber fii’st fired, the gases from this 
chamber are passed through the adjacent chanibers, which 
• have in the liieSutime been filled with raw material. 
Although*tl«B kiln is economical in fuel if run continuously, 
much labour, entailing heavy costs, is required to charge 
and empty it. 

The Aalborg Kiln is a shaft kiln more commonly em¬ 
ployed on the Continent, and little, it at all, used in 
England. It consists of an upper heating chamber and a 
central combustion chamber of reduced diameter. The 
constructive details have been carefully arranged and the 
chimney is carried on the outer walls of the kiln, the inner 
walls allowing for the contraction and expansion in work¬ 
ing the kiln, which thus has little, if any, effect upon the 
life of the kiln body. ^ 

The firing holes are placed at intervals round the kiln. 
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and these slant downwards so as to deliver the t-oal below 
the clinkering zone. In this kiln ceiuent is suceessi'ully 
hiirnt, .so it is stated, with an exjienditnre of coal in the 
|ii'o|)oition of about 'iO ])er cent, oft the clinker produced, 
whilst the lalxyir involved is also sptall. ' 



Section of “ SuHNEnucn ” Kiln. 


'i hoSohneider eontiiuioiis kilns here slaiwn —j^enei’alh 
leriiied “ shaft kilns—are worked on somewhat similar 
lines to the intermittent kilns, hut the huers of raw 
material and fuel are fed into the toj) of the kiln while at 
the .same time the clinker can he drawn from the bottom. 
The tire zone oceujnes a position above the middle third of 
the cylindrical building, thf layers of raw material and 
coke being contained in the upper portion, and the clinker 
in the lowe|'. 
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This shaft kiln consists merely of a vertical brick¬ 
work cylinder some 1C feet in diameter (outside) and 
40*feet in heifjht from the ground floor to the loading floor. 
It is lined with lirebrifk for the top ‘20 feet, the lower half 
beinf^ lined with blue* bricks tw witlistainl friction frorji 
the’clinker. 

'Pile iiKside djjimeter is some 0 ieet, and a nuitflicr of kilns 
arc iiMially comiectcil to one shaft or chimney from which 
the draught is obtained. 

In some ca.ses, howe\cr, each kill? emits its gases 
through'a «e|)arate cbimuey some Mi or 20 li'ct in height. 

The kiln, before being first lighted up, is loaded with 
bricks or stones to about half-way u|) Ihe kiln, and then 
preparations for the tire are made by loading faggots on 
tile stones. The loading of the colie and raw materia! 
then proceeds until the kiln is full and the fire is started* 
through spaces [mrjiosely left in the arrangements for 
loading. 

When once the kiln is lighted and the raw materia! 
burns through, the drawing of the “ jiacking ” commcnecf 
and, simultaneou.sly, further loading of coke and raw 
material layers proceeds, and the process of burning is 
continuous. 

.\fter about Ibree davs the clinker appears at the bottom 
of the kiln, and the drawing and loading eontinue about 
every four hours night and day. 

This kiln has attracted some attention in Ibis country, 
and is installed, at s(>veral dilTerent factories, with 
satisfactoiy resiTlts. The upper heating section of the kiln 
is fairly capacious, but the hot zone is relatively small, 
and should not e.vteiid over a vertical height of more 
than o or It feet. Great care is taken to protect the 
firebricks, and this can be done by the use of a specially- 
contrived filling ring, which enables the burner to surround 
the firebrick lining with raw material, and which provides 
a protective belt of finely broken slurry or raw flour, 
about 2 inches in thickness. In practice, however, the 
ring is brought little into use, as the lining packing can 
proceed without this contriva|ice. The kiln is both easy 
to work and very economical in fuel, and large numbers of 
this type of shaft kiln have been erected on thj Continent. 

The yield «f clinker may vary from 10 to 12 tons 
per day with natural draught, and the coke reipiired 
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will run from 40 to 60 cwts. for this i quantity. The 
kiln is not an expensive one to build in brickwork, and 
the cost 01 repairs is relatively trifling, provided car4 is 
taken with the linings of the kilns in working. The shaft 
kiln is in use iij this country for burning the raw m4terial 
bricks made by vhe dry process, which may be put into 
the kilns oirect from thb brick machines, and in some 
works which use the wet process such kilns are employed 
for burning surplus dried slun-y from chamber or other 
kilns. ' ' 

More recently on the Continent a, new system 'of burn¬ 
ing with the shaft kiln has been adopted, by which coal 
is used as fuel, instead of coke, and it is further claimed 
that a considerable saving of labour is elTccted, as the 
skilled workmen required in the loading of the original 
,kiln can be dispensed with. By the latter [)rocess, the raw 
material is fed into the cylindrical kiln by ntcclianical 
means, and the alternate layers of coal and raw material 
arc loaded and arranged by an apparatus specially designed 
for lowering them on to the working level of the kiln, and 
containing partitions into which the coal is fed. By this 
means blocking is prevented, and an efficient draught is 
thus given to the kiln. The mechanical contrivances used 
for loading the kiln are accompanied by devices for 
mechanically withdrawing the clinker, but this arrange¬ 
ment has not yet been adopted in British works. 

.\nother method for working the shaft kiln is tha.t of 
mixing together the raw material and ^ the coal or coke- 
duff used as fuel and mechanically loading the i^xture .in 
blocks on to the existing fire. The compositioh of thc_ coal 
in this case must be of good quality in order to bum quickly 
and cleanly in the elinkcring zone. 

The removal from the kiln of the clinker, which appears 
partly in small blocks and partly in pieces of the size of a 
walnut, is effected by small trucks arranged in front of the 
kiln, or by automatic conveyors. The grinding of the 
resultant clinker is done by the ordinary plant with com¬ 
parative ease, as the porous state of the product makes it 
easier to grind than is the ci^ with almost any other kiln. 
The saving of power necessary for grinding amounts to 
some 20 per cent. «. 

. The faults of the original Schneider kiln,were'the high 
labour cost (thongli no higher than with the other systems 
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mentioned) and 4hc dependehce upon coke as fuel. These 
drawbacks are done away with in the newer type of shaft 
kilh, and the advantages of the systeni, such as cost of 
jilanfj cheaper tuel, ftlisence of excess lalxair, increased 
oiitjaft of kilns and grinding iiiWs, and ]nj,)rc " flour ’’ in 
the finished product, as well as the po.ssIhiUty of wording 
the kiln by haod in case of iiiacliinerv sloppag’^s,' alf |)oint 
to a. prolonged life of this new kiln or, .more strictly 
sj)eaking, new process of harning with the shaft kiln. 

In r^ard to this arrangement foi* Vorking the shaft 
kiln, it might he stated generally that in lading down the 
plant of new works, or in changing or adopting old jilants 
for a new jirocess, the, consideration of •first impoilance is, 
of course, the type of kiln to he selected, since ujion the 
perfect reliability of their working and fuel cost depends 
directly tlie economical success of a factory. 

It Ls natural that every manufacturer .should he on the 
look-out for imjirovements u|ion the many systems of kilns 
at present in vogue, as it should he the desire not only to 
8im|)lify the working of existing kilns and to increase the 
output, hut also to olTect greater economy in fuel than is 
the ])ractiee tn-da-v. 

The old shaft kiln olTered great advantages in these 
respects, not only in the smaller original cost of plant hut 
also by a certain amount of control over the burning jiro- 
cess, luit it had the.se disadvantages, that it necessitated 
the use of a (hair fuel fcoke) and reipurcs for the working 
of It a. comparatycly lai’gc and well-drilled working staff 
compare^ witli’tho more generally employed Rotary Kiln. 

Yet anotTier system of working the shaft kiln has been 
evolved, and this is based iiikui the working of the old 
Schneider kilns, as described, hut which it ini))roves upon 
in such a way that it retains the former su])eriority of the 
shaft kiln and removes many of its draw'backs. 

This is called the foroed draught shaft kiln and 
which lends itself mainly to the dry process of manufac¬ 
ture. 

The laying down of a forced draught shaft system of 
kilns is considerably cheaper than that of a rotary kiln, 
and every old shaft kiln coul9 be, without much cxpen.se, 
changed into the new type of kiln, and the working of it 
is so sirahle that it may be done by untrained fabour. The 
ground raw material requires pressing into blocks for this 
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kiln, but tlie press (often a >wire cut byick machine) is 
arranged so simply that it does not recjuire nearly the 
time, labour or power that is required for the grinding'of 
the coal for use witli the rotary kiln, , 

'i'lic-rc' are several designs of very simple machines for 
n ixing with vyfwr and j)ressing the di'icd and ground law 
mateii.il inU) bricks, which are filled into the kiln with 
alternate layers of coke, as javviously described. 

'I'lio nev\ working of the kijn however entails a system 
of working these '.■entimious shaft kilns under cither a 
forced or induced draught. Both methods are, eMployed 
in this country , but the forced draught arrangement which 
was introduced intoithis country by the author in the year 
190(5 has uj) to the present been found preferable. The 
arrangement involves (be introduction of forced draught 
into each kiln under a- pressure of about 1 inches W.G. 
at four equidi.stant points in the (leriphery of the kiln, all 
well helow the firing zone and above the clinker drawing 
eyes, and where the forced draught must not be allowed 
to escape. By a series of four pipes of about .10 inches in 
diameter placed in equal spaces and having outlets on (he 
inside lining of the kiln—all connected with a blast fan 
arranged in capacities to deal with the number of kilns to 
be treated—the output of the shaft kiln by the new forced 
draught arrangement is incrciised to double the usual 
amount, namely, up to 150 tons of clinker jier week, with 
night and day continuous working, while the fuel con¬ 
sumption is reduced—say to '20 ]>er cent.—and the (juality 
of the cement is improved. Somewhat Similar results are 
obtained by a method of induced draught with .diaft kilns, 
in which case a suction fan is employed to draw the gases 
to the top of the kiln. 

The Stein kiln consists of a vertical, parallel tube about 
40 feet in height, made up of a number of concentric cast- 
iron rings, laid one on the other, the inside surface of each 
ring being smooth and the outside being formed so that 
when the rings are placed in position a series of vertical 
gills results which has the effect of keeping the rings cool, 
and preventing them from, burning or melting. The 
bottom of the kiln is fitted with bars in such a way that 
the kiln could be drawn when desired and yet kept suf¬ 
ficiently open to allow the necessary draught to pass. 
Doors are fitted to enable the bottom of the kiln to be made 
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air-tight in orde^ to use forced draught of a pressure equal 
to 4 indies water gauge if desired, in which case the air 
wtMild bo supjilied by a sjiecial fan. 

-V chimney soine foqr feet in diameter and ten feet high 
is fixed to draw away the gasesJ[rom the-top of tlie kiln. 

Tilie Stein kiln is nof used in this country, and is ate,rff 
little use, on a wet process works except IWtTcrThere 
is plenty of (fry slurry to sjjure, or wbere it is dried 
especially for the purpose, biiJ. tlie kiln is very economically 
worked in connection with the (lr\ jui^cess, burning dr\ 
or even dam|> bricks. ^ 

'I'lie clinlcer is dratvii at intervals of from four to .six 
iionrs, and the kiln is loaded in alliwnate charges .if 
ordinary gas-coke and bricks, the iisiad charge of the latter 
being JO to JJ cwts. of dry raw material. These charges 
are put on by hand from a stage on the loading lovely 
carried by girders and framing, and measuring about 10 
to Ilk feet by 1 1 feet, the kiln il.sidf being a. little h‘ss than 
S feet internal diameter. 

Till' output from each kiln is from 1.50 to 170 tons of 
clinker per week of 7 days and nights, and the coke con¬ 
sumption is appro.ximately JO to J5 per cent, of clinker 
burned. The labour cost varies naturally according to the 
proximity and convenience of getting the dry slip to the 
kiln, hut under ordiuarv conditions as to convenience, the 
cost for working this kiln is considerably less than with 
the older {'hamber kilns. 

All the continuous kilns above-mentioned arc mainly 
applicable to th« iB-y process, Ind they can be used for wet 
process r!lw» materials, and in this case supplementarv 
drying arrangements are necessary by which the slurry 
may be drii^d snificiently to allow of its being moulded into 
blocks. The amount of fuel required for (Irying is lower 
than that needed for burning, .so that the total amount of 
fuel for both operations—via., hO per cent, to 35 per cent, 
calculated on the clinker—is not much smaller than that 
needed for chamber kilns, but a cheaper kind of fuel can 
be u.sed, namely, small coal. Tn the dry process, however, 
the continuous kilns are always adopted with advantage. 

The principle of eontinuous*working is so attractive, on 
account of its economy in fuel and its increase of output 
per kiln, that it has been embodied in various fether forms 
of kiln. These are, in general, vertical cylindrical shafts 
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not unlike a running lime-kilfi, but usually with a flue or 
chimney at the upper end, and loading doors at the base 
of the chimney. The clinker is drawn at the bottom, 
where there is usually some kind of removable grate. 

Continuous k'lns need .lonie skill in loading. Thh hot 
plu.:tic clinker^ is'often liable to stick to the walls of the 
kiln, causing the charge to “ hang up,” and this not only 
hinders the proper working of the kiln, but also acts on 
the lining and liastens its doslruction. TTnless carefully 
worked, these kilils’are apt to yield a good deal of under¬ 
burnt clinker 'vhich has to be picked out before thd clinker 
is ground. 

The (juantity of t-linker produced by the difl'erent classes 
of fixed kiln now described varies considerably with local 
circumstances, but this may he stated in round figtires 
■as follows :—Dome, Batchelor, and Chamber kilns, li.') tons 
per week: Dietzsch kiln, 70 tons per week; Schneider 
kiln, 00 tons per week; forced draught shaft kiln and 
Stein kilns, 150 tons pel' week; and the TlolTman kiln, 
‘28 tons per week for each chamber. With all these varie¬ 
ties of fixed kiln, whether continuous or non-coutinuous, 
the amount of labour needed for handling the raw material 
and clinker is larger than in the case of the Itntarv kiln. 
Further, in whatever chtss of fixed kiln it is produced 
the clinker is somewhat irregular in quality and often con¬ 
tains im 7 )erfectly burnt material, and unless this is picked 
out with great care, sufficient underburnt material remains 
to impair the quality of the finished cernent. 
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•The Rotary Kiln 

CHAPTKU VIIf. 


Tdk Rotary Kiln of lo-dux i'onsis(,s4>f a.sliHlitl.v itulinod 
cylindi'ical tulu' in stool plaU-s soino ^-iiicli thick or oven 
up to ^-inch. Its length varies from 100ft. to iioOft., 
and in diameter the cylinder measures from 6 ft. 0 in. to 
12 ft., according to the output re(piired from the kiln— 
i.c., a kiln of, .say, 200 ft. lonp having a diameter of 
10 ft. in the hurninp zone and K ft. (i in. in the remainiii}; 
length; one of 280 ft. length with 10 ft. diameter hnrning 
zone and 1) ft. m the remaining length; and a kiln of 
KiO ft. having a hurmng zone of 0 ft. diameter witli 8 ft. 
for the remaind(>r. 'I’hese kilns liave outputs respeetively 
of 140, ISO and 110 ewts. per hour. 

These diameter dimensions are exclusive of the usual 
9 inches thickness of firehricks in the hnrning zone and 
6 inches in the remainder of the kilns 
The long cylinder is inclined to the horizontal about 
I in ‘25 or 30 »n8 is mounted by four or five sets of tyres 
(accordiifg*to length), which run on heavy roller bearings 
and the kiln is slowly rotated hy a train of gear wheels at 
a. speed of 1 to 2J revolutions jier minute. 

.4t the points of the kiln where the tyres and gearing 
are fitted the tube is re-inforced by additional plating. 

The cement-making materials are continuously fed into 
the kiln through a pipe at the upper end in the form of 
either slurry or dry powder, according to the process 
adopted in preparing and mixing the raw materials, which 
materials move by ^avity from one end of the kiln to the 
other. Slurry lifters are fittefl inside the kiln to spread the 
raw materials on entering the kiln and when meeting the 
hot gases. Finely ground coal is almost always used as 
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fuel, and tliin i)i introdueed'inlo the lower or outlet end of 
the kiln by a jot of air issnin>; froni a blast fan. 

•When the kiln is started tlie fine eoai is ignited, and a 
white heat is (jbtain«d in tlio lower end of the cylinder. 
The*ra.w material is t\jen fed iikhi the kiln^and as it gradu¬ 
ally descends into the zone of heat generate^ by the perfect 


1 
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eonihiistion of the finely ground eoal fed into the cylinder 
from the opposite end, it jiarts with any water that may 
be present, becomes heated to redness as it approaches the 
centre of the cylinder, loses its carbonic acid, forms little, 
rounded balls which reach a nearly white heat in the lower 
end, and finally issues as well-burned clinker in grams 
about t{)G size of a large pea. The greatest heat is 
naturally near the fuel jet or outlet end of the kiln. 
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The operation of calcining is a continuous one, and with 
proper cai’e under or over-burning may be avoided. The 
hot clinker from the kiln is cooled in cooling towers or 
rotary cooling drums, but more usually in the latter. 

The cooling drums row genejally in use are placed 
at the lower e^JU of the kilns, and receive the hot clinker 
as it drops from the kiln. 

These generally consist of tubes some 40 to GO feet long 
and 4 to 5 feet in diameter,jliut vary in dimensions accord¬ 
ing to the quantity v)* clinker to be (iealt with. Inside each 
drum are cascading channels for lifting and dropping the 
hot clinker as tlie coolers rotate, thus presenting the clinker 
to the cold air forced through the cooler by a fan j)rovided 
for the ])ur))ose. The coolers rotate at a somewhat higher 
speed thati the furnace tube, and by the air for the latter 
being drawn through the red hot clinker a fair proportion 
of the otherwise lost heat is retained and utilised. Wlmn 
the clinker issues from the coolers it is quite cold enough 
to handle and to pass to the further process of grinding 
into ])owder. 

The Rotary Kilns are not substantially economical in 
fuel, as they retpiire some 28 to 35 lbs. of coal 
to produce lOO lbs. of .clinker, and the greatest 
problem that confronts the. manufacturer is the 
devising of .srjine means for cheaper hurtling. The 
lirito of coke, however—the fuel used in the old- 
fashioned kilns to the extent of 8 to 10 cwts. of coke 
to a ton of cement—has advanced so much that the. cost 
of cement firoduction, by the. older mdtlnds, has much 
increased, and further, the supfily of coke is so limited 
and its utility has become .so much greater in other direc¬ 
tions that the Hotai'y Kiln has an immense advantage in 
being independent of a fuel which has now thus attained 
fictitious prices. 

Tn the matter of labour, the Eotary Kiln is decidedly 
economical. The feeding of the kiln with raw material 
and fuel, being automatic, and no labour in “ drawing ” 
the clinker being necessary, a saving is effected in the cost 
of the burning process. Thus, the Eotary Kiln marks and, 
indeed, may be said to have*created, a period of distinct 
development in the jiroduction of Portland cement. 

All the earlier attempts in this lyuntry to constrict satis¬ 
factory rotary kilns resulted in failure mainly on account 
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of the great difficulty experienced in obtaining a satisfiic- 
lory lining foi^the furnace. Ordinary firebricks, being 
highly silicious or acid in character, united with the higlil\ 
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Iiasic clinker to form a fiiKible slag, and the lining was 
S(K)n destroyed. Magnesia bricks were too exjKsnsivc, 
whilst some of bauxite, tried J)y the original designers of 
the kiln, proved weak and friable. 

In the early stages of the rotary kiln another difficulty 
arose in rtie matter of fuel. With producer gas if pioved 
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(litliciilt to ohtiun the reijuisite teiuperature in the abseuec 

III' II leoriuii'tiif, whlkl rliiile oil, tlioiljjll sllecessflllly 
used ill the Sillies, was niiieli too exjiensive to he thought 
of III this eoiiiitn. Most of the Miitial. diflieiilties ha\e, 
lio\\e\er, now Jieen overgwiue by tyiie and <‘.\peiieiKe, and 
"iViiiid eoal iti usually adopted as tlie fuel for this kill.. 

W'lieri i^artiii}' tlie rotary kiln it is u.sual to form a pro- 
teetive eoatiije of the elinker itself over the lining of 
ordinary firehricks. To (Ilia end the firebrick lining has 
in some eases beHl first eovered with a layer of salt, and 
after raisinujlhe teni|)eratiire of the J'tirnaee to.the eliuker- 
ing point, a eharge of clinker is admitted. I’his reacts 
with the salt ami silica of the firebrick, a glass being 
fianied which welds the elinker and brick together, and 
Ihe former is then well beaten into place. Jn this wa\ it 

has I.. loinid lliiil rirehriek lining will hi'l for a \ear 

though It IS neeessaiw to repair the elinker coating from 
time to time while the kiln is rimnine. When the rotaiw 
kiln is slopped for any purpose this coating invariahly 
falls olf ii|ion cooling and the same operation (with or 
without the use of salt) proceeds each time the kiln is re¬ 
lighted. 

The Drebrioks used lor lininc the rotary kiln should 
be neb in ahiniiiia.. \ siiilable blis’k will contain some 
fill per cent, of silica and dO to 35 per I’ent. of alninina, 
the balanee consistinp of small ipiantities of impiiritie.s— 
VI/.., oxide of iron, lime, magnesia, potash and .soda. 

h’ire blocks approaching tins composition can be pro¬ 
cured from several British firms, and inalicrs of re]iiite are 
'lencrallv willing to submit aiial>ses of their goods. 

The practice of providing linings to kilns with unfired 
clay blocks is sonietimes indiilgv'd in. Fireclays, however, 
undergo on firing a. certain contraction -niavbe up to 
one-si\th—the actual contraction varving from clay to 
elav, and iiniforndty in mixing and burning firebricks is 
essential. It is obviously impossible to burn firebricks 
uniformly if they are fired in situ in the furnace where 
they are to be used and the hot face nmst contract much 
more than the parts nearer the external shell where the 
materials are cooler. .Xs a'result great strains must be set 
up in the brick, and the material does not get a chance to 
do its best work. 
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In the case more particularly of rotary kiln linings 
wliere a stoiipafji of tlie kiln is a serious factor, the tire- 
uri^ks used in the hotter portions of the cilindcr should 
he tested for contraction, so as to make sure that the 
hrick* in hurniiic, or^us supplkid In the maiiiifai'tiirers. 
haw load all the contraction taken out of Uicm. If not, 
the bricks are hahli' tocontnu'l uhcii iii use, cifusinc them 
to become loost- and fall out ol their positaiii. 

In cases where trouble ari*es|U the hot*end of the kiln 
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willi the lirii'k' spalhnp anil bicakinp. it i- arraiiped that 
a more open tesfured brick i- iimmI. Close tcMuri'd brick'- 
arc liable to --phi and spall Uitli abriipl chanpes of lem- 
IK'i atui e under combi ions w lu'i e more open leM iired brick' 
withstand the cliaiipcs ol temperature salisfaclorilv, and 
care should be e\erclsed that the open texture l.“ oblaincil 
fcy coar-ser or a preater projiortioii of what is technically 
termed prop ” or matrix, and not by the ea.sy firinp of 
the brick by the inanulacturer.* "(frop” is the coarse pre 
calcined material that is mixed with the I'lay in firebrick 
maiuifacliwc m prevent excessive coiitraetion on firinp. 
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ill tliis directum a useful*Bpeciiication for rotary kilii 

liiiin*; blocks is as follows 

A lest piece, wbeii healed to a teiiiperatiirc of Seecr 
cone 10 for two iionrs, shall ^ot show, when cold, 
more than 1 per rtmt. contraction or expansion. 

• Aftyr thS test temperature has been obtained, the 
furnuAi shall he maintained at a constt),nt temperature 
througliout the testint; jieriod. 

All rotary kilnjilants Aat are fired with powdered coal 
must include an apparatus for the drying of eetil to be 
used in the iiianufaeliire and also hrindin}* plant lor the 
same to he finely yuUerised helore enlei ine the kiln. 'I’lu' 
most common desiifn of coal dryer consists of an in¬ 
clined sti'el cylinder encased in brick work. The hot 
Itases from the fires colnint; first in contact with the 
cylinder at the joint where the wet coal is introduced, 
|)assalonj{ and around the lube on the way to the chimney 
.stack, which is located over the ilischaree end. 

In some cases the hot cases pass to anollu'r chimney 
whilst a. sejiarate chinniey at the feed end of the rotary 
coal dryer jiernuts the steam from the moist coal to escape 
■and fjites an outlet for any concrecatinj; cases or coal dust. 
In many modern installations, the coal ts dried by hot air 
taken from the clinker cooler instead of by an independent 
furnace. 

Ironi the dryer the coal talk into a conveyor and is 
carried automatically to the coal grinding mill. This 
mill Contains liiaehinery for rediicint; .'he slack anil to an 
imjialjiahle flour, and the plant commonly used'is the hall 
and tube mill or the " (Jriltin ” mill, illustrated elsewhere. 
This latter mill gives an output of some IJ tons jier hour 
to a fineness of not more than 1 to ‘2 per cent, residue on 
a 100 by 100 mesh sieve. 

From the coal grinding mills the finely powdered coal 
is automatically conveyed to the rotary kiln house, where 
it is then elevated and again conveyed to the coal hoppers 
situated in front of each rotary kiln. The small store of 
coal in each liojijx’r is suflicient to last the kiln for a few 
hours, and from this liop^ier an automatic feed conveys 
the fuiwdered coal to a jioint where it is met by the heated 
air blast fcom (he coolers and through the fan to the kiln. 
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When reaching the hot zone.of the kiln the powdered coal 
iiiiinediately bursts into tlame and tlie intense heat is thus 
kept continuously regular. 

\ matter causing some difficulty in the early da\s ol 
rotarv kiln cemeht manul'acture was in the fineneaa of the 
oo%l daat used forliealing !he kiln. 5t has been ex¬ 
plained that this coal dust is blown in a tine stream into 
one end of the kiln by means of a blast of air, and the 
mixture of air and coal Inirns, mider idi'al conditions, very 
much the same as a mixture*offjas an^J air would do. 

I'nfojtunately, m the early da>s the*eoal used was far 
t(X) coarse‘and mucli*beat was lost, on this sft'count, to sa_\ 
nothing of the jiartially burnt coal which found its way 
into the cement and aiiVcted its ijnalily. 

When it is remembered that from '25 to :)(> i>er cent, of 
fuel is needed to burn cement according to whether the 
dry or wet process is used, it will easily be understood that* 
the (|uestion of using the fuel economically is a very ini- 
jwtaiit one. 

It has been found that by Using coal which left a l■esldue 
of 15 to 18 ))er cent, of it.s weight on a sieve with 75 holes 
per linear inch, and 40 per cent, residue on a sieve with 
100 holes, not more than 10 per cent, of such fuel would 
be available in tiu: hurning, even when working by the 
dry pivs'ess—a hiss of more than hall the lucl consunu.d. 

It has been seen further on examination that the i-oarse 
particles of fuel were difficult to ignite, and after glowing 
brightly for a moment they fell in a half-hurnt condition 
among.-t the ehnl*.*r, and added greatly to the risk ol an 
ineomph'tt.li burnt product, as well us making it h'ss 
pure. 'I'he ground coal used for tiring should if |H)ssible 
not exceed a residue of 15 per cent, on a 1H0 x 180 mesh 
sieve, or even less if the coal contains a. low )iro[K)rtion 
of volatile matter. 

There is considerable danger in coal grinding on account 
of the explosive nature of fine coal dust, and caution is 
therefore necessary in preventing an escayie of the very fine 
particles of coal. No naked lights must be taken near the 
coal grinding building. It is ahso on account of this explo¬ 
sive tendency and the risk of nfiontaneoiis etimbustion that 
the storage of ground coal is avoided as much as jKissible. 

The length of the rotary kiln and its outpiat at vary¬ 
ing lengths is a subject now being studied by nianii- 
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factiirers, but it is, however^ ■'eiierully considered that 
jicconliiij; lo ini M iit c.\|ici'icncc tli<' •^niii'dc^l kiln to he 
iisi'd (III the \\(‘l |)i<)C(‘ss ^liows iiioic sitistactorv workil)" 
with a liMii.'lli 111 I'Jll Iccl and an cMcinal dianicicr ot* s 
I'cc't, and llic (iiil|iiit ll■(llll a kiln ol'tli'is dc'a-n|ili(in h alioiit 
Nil idii-. |K'i' :il Imiii'-. (Ill 'ihc dr\ ]l|^,l(•(‘^^, the >iiiall(‘.'-t size 
li'iiallx eiii|iliiyed is HO tii JOO i'eel in lelielli and 7 f'eet 
(i nielli's 111 oiilside diameter with an (iiil|iiil.(ir sonie ■'ill to 
(ill lulls |iel (la\ iil 21 liiilils. 

Till- e!i|)'j,cit\ Ilf a Rotai* kTlii is in the main eoverned 
by its size, lint vaViiitions in the workiiie of kilns, of the 
same dinieiisiiais may he caused h\ a dilVerenee in the raw 
materials em|il()\ed, in the alible of inclination of the kiln, 
the method of lirinji, the (|ualit\ and liiicness of fuel, the 
jicreeiita^e of moisture in the raw material, the skill of the 
attendant hiirners and freedom from stoppafies. 

' Some mlerestiiiM mhirmalion upon the \anatiiiii m the 
output Ilf Hotarv Kilns at dilVereiit leiiyths has recently 
been (iiihlished h,\ the I'nited States tleolneieal Sur\ey 
Department from statistical data' reeened from \aricms 
cement plants, I5\ means of these data which einer a 
very vviile ranjie of material, [iractiee, and operatme eon- 
dilions. It scorns prohahle that average rc'iilt,- of lair 
accuracy can he dediieed as to the ell'ect of raw material 
and lenpth of kiln on the output. This has. at anv rate, 
been atlempled, and the re.siilts are presented in the I'ollow- 
inp tahle. In evplanation of this table it may he said 
that the averape annual out[iut of fbe old (iO ft. Hotarv 
kilns, fired with powdered coal and tvorkinp m a dry 
mixture of limestone and clay, is taken a'l 100 iper cent. 
The averape outputs of similar and louper kilns workinp 
on various r.aw materials are then compared with (his 
Btandard, the results beinp e-xjtressed in jiercentapes. 


rrtnCKN’TAGB OF V.UtlATION IN OrTPtIT WITH IjENOTIt 
OP Kiln, Raw MATEniALs, etc. 

Length of Kiln 



60 ft 

80 ft. 

00 ft 

! no ft. 

151) ft 

cjirlicmait' limt'stDno 

0/ ■■ 

126 * 

'O' 

164 

o’' 

■o 

182 

* ' 0 ■ 

(» 

216 

0 

400 

atid i lay 

ino 

I.'iO 

166 

100 

350 

■Olialk a»d olHvfwot 

r>4 

7% 

95 

lO.i 

250 
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As to the anifle of inolination it hiih lu'en sIhiw n 
!>>, o.\|U'iE‘iH-e that I in ;i(l };i\('s tlu- host ivsiilt.^. Tlic ' 
^'icatfr the inelnie lljj' (|iMek<'r will the feed apiiroaeli Uie 
outlet end of tlie kiln, and in joine ea^'s, sueh as with a- 
kily inelined to I in hV the raw'iuatenal t<;ed luiches for¬ 
ward to the elinkerino zone nuniedialelt il u fed to tile 
kiln. 'I'liis nefessitates ihe eoiiliniied sio|i|)iiijv of the kiln 
to hum the nialeiial ha< k ,fr<|ii ih. oiille'l end and the 
elinker is of variable, qiialitv. • , ^ 

In tW' (•a^e of a kiln inclined at the lesser aiiftle, the 
feed to the tiriiif' zoite is ref'iilarand eontiliuous, with the 
result that' the raw materials are slower hroiifilit int(> eon- 
taet with the hot eases with aeonseqiient inereasc of out|nit 
and fuel economy and the manufaetiire. of a more rej'uhvr 
produet. 

Ttie present tendency towards the lenolhenino of short* 
rotary kilns for cement hiirnino to Icnoths of 150, 200 and 
even 250 feet, is indicative of the desire on the part of 
the cement manufacturer to fiain Greater fuel economy and 
<Mit|ait, even thoiieh the ehaiifjes lecpiire Ihe eoiiiplele 
aholitioli of his kiln rooiii, and Ihe eoiislriiellon of prai-- 
tieally a new eeiiient hiirniiio eipiipinenl, all at oreat 
expi'iise: hut recent e.vperienee shows that the results of 
the tiials with Ihe e.vtreiiiely lenelhened kilns have not 
heeii so salisfaetorv as mav have heeii anticipated. 

The incorrectness of predictions with regard to the l(>nf'‘h 
of kilns seems to he due m a laree measure to (he failure 
to consider a fjirfher im|iortanl factor in rotary cement 
hurnino, Sumiely, the quality of (he I'aleinin}; flame. 

The rotary cement kiln has to perhaiii two operations 
which are essentially quite distinct eheniirally and other¬ 
wise om- from the other. In the upper part of the kiln 
elVieient calcination should lake place, that is, the earhon 
dioxide contained in the chalk or limestone should he well 
driven olT in order to fit the material for the subsequent 
chances which it has to iinderco in the elinkerinc zone. 
Caleinintr calls for a relati\ely low teiiiperatiire as com¬ 
pared with clinkerinc, and necessitates a heat which in 
steel furnace practice is teriiled a “ soakiiifj " heat, hy 
which is meant a- reducinc or non-oxidisina flairie. Tn 
steel furimce practice such a flame is often deitired to |)re- 
vcnt oxidation of the charge. The same result, however, 
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is not ol)tiiim'(l in a rotary kiln, since tlfe flame ojierates 
by its lieal alone, and not by cbeniical action. 

It is aiiparent tberefore that a small volume of intently 
heated gases, or a larger volume of {fas at u, lower tetnpera- 
ture may he dr.scharged Into the itioiith of a rotary kiln, 
and ell'ect yiiite dill'erent results. 'J'he latter effect is said 
to be firodiiced when a mixture of air and stack gas is used 
for combustion instead iff pure air. It is maintained 
further tliat it is only by hiP.ing a flame peculiarly described 
as a. '■ reducing ’’ ’or “ non-oxidising ” that calcini{tion can 
be made ra|)id and thorough. 

With the usual methods of burning cement by employ¬ 
ing |K)W(lei'ed coal and ordinary air. the necessary flame 
is often not properly jiroduced in the region of the kiln 
devoted to calcination. With longer kilns the difficulty is 
much aggravated, and to this imperfect flame develop¬ 
ment the failure of the long kiln to fulfil the, {irophecies 
of its promoters is attributed. Inventors, however, have 
been busy in this field of research, and already certain 
methods have been put to a practical use which permit of 
a betterment of operation. Of these, |M'rhaps the most 
promising is the system of the impinging flame in 
cement burning. 

Some of the advantages to be derived from burning 
cement clinker with a flame having a positive impinging 
action on the material and the economy 1o be gained by 
the use of the imjiinging flame instead of the axial flame 
(or flame substantially parallel to tho axis of the kiln, 
which does not impinge upon the inaterilii and heats the 
latter by radiation solely i have been much discussed in 
America, and in order to better understand the application 
of flames of the character above-mentioned, reference has 
been made to the methods employed in two of the great 
industries of that country, namely, the manufacture of 
steel and glass. 

From deductions made from experience in these in¬ 
dustries, it is maintained by the advocates of the 
impinging flame that in burning lime and cement, in 
annealing and heating steel, and in many other industrial 
processes involving higher temperature, the methods of 
combustion best suited to each operation require modifica- 
tiiyn. In such ))rocesst>s air contEgns too much bxygen for 
the kind of flame required. X number of attempts to 
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lirodiice a fliiine <)l' low l(>ni|)*‘ratiirt' and largo voluino lano 
iioon made in Ino past, mioIi as tl)os<.> using steam as a 
diUieiit, lint they liavo proved either inipractiealile or un- 
eeononiieal. It^lias trvqneritly been proposed to return 
part all of the gases of loinltijstion to the kiln in order 
to an'e in .some wav ifie heat these gases ? 4 ntain, hut,the 
suggestion has not heeii iiraelieally eiuressful •oh aecounl 
of the great vdlume of the returned gases, and the laek of 
eomprehension of their Irii 4 ejl?et on the fire. 

'I'liis principle uas substantially as.fjillows A flue is 
ta.pped«into the slack of the kiln high elu^ugh to secure 
gases of fairly iinil'orifi (piality which are led to a fan. At one 
portion of its Iciigih lhcr(> is an air inlet with an adjiistahlc 
damper at its moiitli. The fan has two outlets, one undei 
the grate and the other into the open air. 'I'his arrange- 
ineiit makes it possible to draw air and gases through the^ 
fan in any desired jiroportion hy adjusting the air inlet 
valve. Hy eoiitrolliiig the damper of the free discharge 
opening and changing the speed of the fan, the jiressiire 
and volume of the blast under the. grate can be mcKlified 
through a wide range. When the apparatus is properly 
adjusted the eonihined efi'eet of the blast and the diluent 
is to evolve the heat of the fuel where, it is most needed, 
instead of at the portion of the kiln when' it oeeiirs under 
natural conditions. The teniperaliire of the fiirn.ace is 
thus lowered and that of the charge is more uniforiiilv 
distributed tlian with the pure air draught. As a result of 
this arraiigemeiit it has been claimed that the output of an 
ordinary kiln i^rifSsed, while the amount of fuel is reduced 
and the (fiiality of the cement is unchanged. 

While the rotary kiln is aekiiovviedged to he wasteful 
ill fuel, this defect is more than eoimterhaluneed hy its 
large output under skilful sii|H'rvisioii. 

Tlie iiowdered coal blown into tlie kiln burns with 
an intense lieiit, and if the flame deflects iiiiieh from an 
axial line, there is a tendeiiey for the material to form 
rings and even for the lining to deteriorate very rapidly 
('onseipiently the region of maximum heat is along the 
centre line of kiln, and not direct on the material at the 
elinkering zone. 

With an impinging flame it becomes possible to produce 
such a temperature that the flame can be ^lirected ini- 
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mediately on the material which wilt hi^ve its maximum 
temperature in the clinkering zone. 

With the niwlern Rotary Kiln now generally brought 
into use in the inanul’actnre of eetweiit, .the industry has 
been revolutionised and it* method^ are at present perhaps 
the most scie^fitic and practically efficient that have been 
introduced-in the nianui'acture since Portland cement was 
first known. This kiln is, of course, now'in general use 
in this and every other country, and it may be said that 
the Rotary Kiln js the only invention of importance in 
the. manufiM'fpre since the introduqjion of tlie Ball and 
tube mills for grinding. It may be expected, therefore, 
that a decade at.least will elapse before any further 
development will arise of such an equally important 
clnmwter. That such improvements will occur, however, 
i.s ((uite possible and indeed jirohahle, for even with the 
use of the Rotary Kiln the manufacture of Portland cement 
is a tedious, technical and expensive process involving 
licaw capital outlay, high co.^t of production and con¬ 
tinuous upkeep, and with the present kilns there is cer¬ 
tainly an iiuiiiediatc demand for fuel ecoiuiiiiy, to say 
iiotliiiig of iiiiiior iiiiprovemcnts which will no doubt 
be introduced from time to time as exjierience provides 
the necessity and time givi's the op|H)rtuiiity. 

•More than ninety per cent, of the cement iiiaiiiifactiired 
in the Stab's is produced by the Rotary Kiln, and in Eng¬ 
land there are many worki—if not the hulk of them—in 
which this Kiln is solely adopted. Its use in all, directions 
is also increa.sing, and many obsolete laatories, not only 
in this country but in many parts of the Centment, are 
now installing the Rotary Kiln for ceiiient burning and 
most new works adopt this process of burning. 

Although ((uite a comparatively new method of cement 
manufacture, enough has lieen seen of rotary cement, both 
in science and practice, to declare it to be the product of 
the future. 

To advocate the use of Rotary cement is unnecessary, 
since all that science can bring to prove its quality, and 
all that practice can offer to show its superiority so effec¬ 
tually establishes its claim for preference that we may 
say without fear of contradiction. Rotary cement now leads 
the way. « 

The product from the Rotary Kiln has a distinct ad- 
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vantage in quality botii for liigli tensile strength with age 
and absolute frdbdom from all expansion and eontraetion 
teydeneies. This improvement is only to be expeeled, 
ho\ve\er, lor apart Irom its economy in working, the great 



advantage of this kiln is that the process of calcination is 
in full view of the operator, qnd can be controlled by him 
to a nicety. By altering the rotating speed of the cylinder, 
and decreasing or increasing the feed of the i;aw mixture 
or varyiifg the force of the coal blast and the quantity of 
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fuel the hiinipi' is, or ouglit to be, able to regulate tlie 
operation of burning to any Sesired degrfee. 

With the old-fn shinned intermittent kiln no such adjupct 
is iK)ssible, for when once the kiln is charged and fired 
the calcining (iroceeds automatically for‘better or worse, 
and the j)rodu(^ from the'tiln must take its chance. ,, 

After the cFinker from the Notary Kiln is ground it i.“ 
generally /ound to be of an extremely quick-setting 
nature (owing-to the absence of sulphates mainly derived 
from the coke or other solW fuel generally used with other 
prcK-esses), and iirrangements have to be made«by the 
manufacturer' to overcome this diniculty, shell as by 
aerating or hydrating the clinker before grinding, or again, 
by the introduction of steam into the clinker grinding mills 
or by the addition of a small percentage of gypsum or 
plaster of J’aris to the clinker. 

The great simplification of working which is jiroduced 
by the use of Rotary Kilns in place of the older .shaft kilns 
in the burning of cement is, however, jierhaps more ajt- 
parent than real, because the working of the Rotary Kiln, 
though theoretically very simple, is in [iractice somewhat 
complicated. 

For instance, the size of the jiarticles of the raw- 
materials is of eijual importance to the proportions in which 
they are used, and it involves the em](loyment of skilled 
workmen, with eipial, if not greater, intelligence than that 
reouired for the older form of kiln. 

The product of the rotary kiln is purer than that of other 
kilns because in the latter, the ash of'the fuel is mixed 
with the clinker and is ground as cement, while in the 
rotary kiln the greater part of the fuel ash is blown through 
the kiln by the force of the fan blast. 

It occasionally happens however that with coarsely 
ground coal containing a large projxirtion of ash, so much 
of the ash is deposited on the lining of the kiln burning 
zone as to form “ a, ring,” and unless the use of the defec¬ 
tive fuel is stopped, the “ ring " attains such proportions 
as to render burning impossible, and then the kiln must 
be stopiwd while men go inside to free the lining. 

An occasional rapid loss in the strength of Rotary Kiln 
cement on keeping is not infrequently due to the use of too 
coarse a coal as fuel, or the admission of too little air for 
its c-omplete combustion. In either case the formation of 
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carbon monoxidejresults in a partially burned cement being 
produced. 



The best preventive of this is tlie frequent testing of the 
flue gasqp whereby tlie correctness, or otherwise, of their 
composition may be ascertained, and, if necessary, an 
alteration in the supply of air eifected. 


Mohekn Rotaby Kiln ani» Poi blr Shell Cooler with Tunker Conveyor. 




The Rotary Kiln: Fuel Valuation. 

CHAPTER IX. 

The quality of ooal best suited for use with the modern 
rotan kiln is a bitmiiinoiis slack, confainiiif; not more than 
ten per cent, of ash, five per cent, of niocsture, and one 
and a half per cent, of sulphur. It should liave a lieat 
value of not less than 7^000 calories ()er kilo, which is 
e(ptal to I'i.COI) Pi'itjsli thenna! units j)er Ih. of fpral and 
the proimrtion of moisture and ash should be, kept as low as 
possible. The average results of rotary kiln coal analy.ses 
in hulk as delivered at works are given below. 

These are of fair quality slack coals from the collieries 
of the Midlands in England. 


Analyses of average Bituminous Nutty Slack 
Coals from the Midlands (England). 
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FUEL VALUATION ' 

Tlie combustion of cuai ik a cheiiiii'al process, and its 
betiaviuiir during* coiubustion* is a pliysical plienomenon. 
Each must lie considered when the aim is to extract the 
niaxiiuutn number of units of heat from a giten weiglit of 
fuel, fpr eitlier awariafion m the chciuical charai tcristics, 
or ay nujU’oper control rtf the kiln'is liable tw lead to decep¬ 
tive conclusions. * 

In order to obtain accurate information in regard to the 
numlier of lieat units which couiplcic combustion of the 
fuel will \ield, one nmst resort /o chemical anaKsis or to 
the caU^'inieter tesi, either ol which, il* |iro|iei'l\ cartied 
out. postulittes till' S(4ection of suitable fuel*i'or the work 
in hand, and. what is olleii ol greater importance, should 
really deterniiiie the exact basis of paNbieiil between the 
consumer and the siipiilier. 

The jiraetiee of selecting fuel hv sini|ily inspecting 
samples of the kind of coal which the iiierchant agrees to 
deli\er is irralionai to the last degree, for no one can 
obtain definite knowledge of the heating \alue of an\ coal 
by CM'ii the most critical optical examination. Nor is it 
possible to decide fairly, hi such a method, between two 
coals of about the saiiii' ipiality, hut dill’ering slightly in 
appearance. Nothing short of the work of the laboratory 
can sohe the prohleni. 

For use with a rotary cenient-making idant, the 
selection of coal is almost as miportaiit proportionately 
as is the choice of raw material lor a- factory. The 
caloritie jiower is freipieiitly hut one of seieral factors to 
he eonsidtrt'ed. .\khough the heating value of a unit of 
carbon or«o(, liyTlrogcii in all coals of the same nature is 
the same, there is no doubt that in some cases the adapta¬ 
bility of a fuel to the particular furnace and service in 
hand is of siitlicient importance to warrant its acce)itance 
or rejection, ijiiite apart from its relative heating jiower in 
comparison with that of its competitors. 

Tlie demand of the manufacturers for coal of uniform 
quality is reasonable, but in the exigencies of jiractieal 
mining it is diflicult perfectly to .sort out inferior grades 
and partings of slates, and in actual jiractice the fact that 
a coal bears a certain name is really of little significance 
.18 to its quality. 

Within reasonable limits it is now po8.sible tOiSpecify and 
obtain coal of practically uniform quality, hut in any event 
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the chemical analysis and the calorimeter test enable the 
purchaser to obtain his money’s worth oT heating power. 

One of the most important phases of the coal testing 
problem is the impartial aeleotion of Munples. The 
personal equation must be eliminated in the effort to obtain 
a fair average-iof the barge load ot truck load or heap. 

Samples should be taken from a number of difl'erent 
jilaces in the stcxik c(|uidistant from one another, including 
large and small lumps,, regardless of different ijuality. 
These samples should thf i be united and crushed, mixed, 
and suh-divided iihtil (juartered selections of 20 or 25 lbs. 
are obtained. These should be kept secure lor the pur¬ 
pose of analysis. 1'he final saiiqiles for the chemist should 
lie powdered coalcaiiable of passing through an 80 to 100 
mesh screen; thi-se, should be kept in tightly stoppered 
glass bottles. It is remarkable how little discrepancy will 
often be found between projierly-selected .samjiles from the 
same barge load. Hut unless impartial samjiling is carried 
out, the most painstaking work of the laboratory is of little 
avail in establishing the correct conclusions. 

In urging the influence of ooal testing upon industrial 
economy, a few jioints may be noted in regard to the inter¬ 
pretation of chemical analysis. The literature of this 
suliject is full of formuhe for the heating power in terms 
of the composition, and in many cases equations have been 
dei-ivcd from the quality of coal found in particular locali¬ 
ties. The ultimate analyses give results which generally 
chet'k far closer with calorimetric determinations than does 
the proximate analysis, and the latter should not be used 
alone when an aecnracy within tiarrower limits ‘.han 2 or d 
)iei' cent, is desired. Ultimate analysis rt^duces the fuel 
to its elements, hydrogen, oxygen, nitrogen, sulphur and 
carbon, with ash and moisture. Proximate analysis de¬ 
termines the percentage of fixed carbon, volatile matter, 
moisture and ash, 

Hrobahly the most satisfactory determination of the 
calorific jxiwer of fuel to-day is that effected by the calori¬ 
meter, various apparatus being here explained, and these 
actually burn a sample of fuel under known conditions, 
and measure with great ac,curscy the rise in temperature 
of a surrounding water bath. 

Tn the cembnstion required to produce the necessary heat 
in a rotary kiln for cement buraing, many kinds of fuel 
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are used, including aiithrucite coal, but those giving an 
analysis on the lines of the results before mentioned are 
suitable. As explained, however, fuel contains chiefly 
carbon and hydrogen,, and it is when these combine with 
the oxygen of the air tliat they g^ve out lieat. The problem 
is t» generate as much’ heat as p'ossible foi>each pound of 
fuel and to utilise it completely in the kiln, vyhether the 
heat for the rfltary kiln be evolved from oil, gas or finely 
ground coal. The latter meijns/Hre most generally adopted 
in the manufacture ol ceuient*l)y the, rotary kiln in this 
country. , 

To obtain the makimum amount of heift, combustion 
must be complete. This involves comjiliaiice with certain 
conditions, not always easy to secure. In tlie first ))lace, 
the reipiisite ipiantity of air must he sup[(lie(l, and this 
amount varies with the particular fuel used, all coals difl'er- 
ing in composition. Air is needed in order that the oxygen’ 
it contains may combine with the carbon and hydrogen in 
the fuel to |)ro<hicc comhnstion. The oxygen is present 
with nearly four times its weight of nitrogen, an inert 
gas which neither burns nor sup]iorts combustion, but 
which must, nevertheless, be heated up to the teini>erature 
of the flue gases, thus absorbing much of the heat gene¬ 
rated by combustion. This loss of heat is unavoidable, but 
it can iie reduced by carefully regulating the admission of 
air, and some of it is returned to the kiln through the 
clinker coolers. 

The indraught about the ends of the rotary kiln can be 
used or preven^Cft at will, and the j)oint of highest tein- 
perature*ciwi be regulated by the burner in charge, who 
can focus it farther up or down the kiln as desired, and 
thus avoid burning out the lining in one place. 

The heat from the clinker is generally used to heat the 
coal blast. 

In rotarv kilns fired with coal a better heating effect is 
obtained w-hen the fire jet is directed slightly to one side 
of the kiln and downwards. 

The jet should be mounted therefore so as to be capable 
of taking anv radial position. 

In all coal used for rotaryj kiln burning the heat value 
of the fuel should be constantly ascertained both before 
and after purchase. The heat of combustion of the 
different elementary bodies of which the fuel is composed 
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has loll" hccri known, and if the composition of the coal 
is determined li\ analysis, its Ijeatiiij; valife may be thence 
calculated hr addinp toeether the heatine value of its con¬ 
stituents and ailowine for their heaj of combination. 

'J'be calorific power, of fuel, for instance, w the 
miitdii'f of lieatMinits obtd'med b\ the coiidiu.stion of a.unit 
weiobi of UieVnel in (}xvf;en. 'I'lie laboratory determina¬ 
tion of the ealoritie or beatinp value of a solid fuel is carried 
out b\ buriiinp a weipbett amotint of the dried saiujde in 
oxytren in a elo.sed, \es.seT under water, and notiii}; the 
increase of temperature tli.it re.siillsfroni the beat g«ierated 
b> the eonibu'suori. If the weight o? the water by which 
the \essel eontaiiiing the burning sample is surrounded he 
known, and if the whole of the heat he abstracted from 
the fjaseoiis prodiiel.s of eonihnstion. the rise in tempera- 
tine of the waler ninlliplieil h\ its weiglit gives the number 
'of Ileal units develo[ied by the burning of the fuel. 

'I'wo sets of milts are in use- tlie British thermal 
unit, or H.l’h.r.. which represents tlie heat required to 
raise I III. of water through 1 deg F., and the calorie, 
or metric unit, whieli represents the heat ueoe.ssary to 
raise one grainnie of water through 1 deg. C. A larger 
metric unit based on the kilogranitiie is also in use. 

If large ((iianlities of fuel he employed in these deter- 
minaiioiis. the heat losses due both to the size, of the 
apparatus reipiired, and to radiation, are proportionately 
high and dillieiilt to allow for. The eliemist surmounts 
thus dilTieully h\ taking great eare in the preparation of 
the sample used for the calorimeter, am’ hv working with 
a small atiiounl of fuel. 'I’lie general practice is to use 
only one grainine of fuel for the ealoriiiieter lest ; special 
preiniiitions are therefore necessary to obtain the required 
degree of accuracy in the weight and ternfierature measure¬ 
ments. Some chemists jirefer to work witli O.-l gramme, 
and d.nOO grammes of water. Under these conditions the 
rise ill teiiiporatiire of the water is iisiiallv less than I deg. 
U.. and all corrections for radiation losses can he dispensed 
with. Very aeenrate and standardized thermometers, 
which can he read to l-100th of a degree, are needed, how¬ 
ever, when working with sneh small amounts of fuel. 

Oxygen is used for the comlrastion, although air would 
be more in - ivecordanee with the Renditions of practical 
work. The difficulties of igniting and burning a coal 
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sample in a current of air in a confined space without pro¬ 
duction of smoke and soot ai'e so great, however, that 
ox^en has been generallj’ accepted us the only possible 
substitute. Two methods of a|)])iying it are in use. Either 
the fi^l sample is burfled under normal atmospheric pres¬ 
sure in a calorimeter d the “ Iflbmerged l)ell ” type, or 
the Iiiel is burned under high jiressure in tlie bomb ” 
type of calorimeter. In skilled hands either nikhod gives 
reliable and concordant results, J)ut as the decomposition 
jiroducts of coal vary in chaTatJcr with the tein|H-rature, 
the calorific value.s obtained by the boflib apparatus are 
sometimesliigher thAi those obtained by the bell. 

Heat Insulation. —In using cither the bomb or the 
bell type of calorimeter it is essential to have some pro¬ 
tection against temperature exclitinges between the vessel 
holding the measured volume of Witter and the outside air. 
The most practical form of insulating vessel consists of an 
outer wiiter-jacketed vessel contiiiniug a stirrer and enclos¬ 
ing an inner air spa<'e, in which the highly polished nickel- 
pltited vessel containing the water is sijftported on three 
small heat-insulatin" corks. When iti positiojt the inner 
vessel is thus surrounded by an i\ir jiickel and by a water- 
jacket, and if a circular asbestos board or plate, (with the 
necessiiry ojtenings in it for the thermomtder, electrical 
ignition wires, and oxygen-.supply tubes) he employed to 
clo.se the top <if the vessel, the teiTiperattire exchanges with 
the oiit.side ;iir will he reduced to a miuiniimi. Some form 
of mechanieally operated stirrer is used l efore and at the 
end of thc’test ki)t)htain ti thorough mi.xtttre of the. water 
in the imfei»ressel. J'’.leetrie:il ignition is often usi'd with 
both types of calorimeter. 

Briquetting the Samples.— A small briquette or 
tabloid moidd often completes th<i aj)paratus re- 
(piired, since it it he attempted to burn the 
fuel in |K)wdered form, low residts will he ob¬ 
tained. This detieienev is due to fWtions of the, 
fuel been blown upon the metal base of the bell 
when the ignition starts, and also to the ash which will 
form above and cover the lower layers of find as the com¬ 
bustion approaches completion. The necessity for jiress- 
ing the fuel into small pellets or briquettes extends also 
to bomb tests, since if the fuel be in powdered lorm, some 
portion of it is thrown against the internal walls of the 

1 
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bomb by tlie force of the explosion, and will there escape 
combustion. ‘ 

Bituminous fuels as a rule will form pellets ".nd 
briquettes by pressure alone. In qjises where insufficient 
tarrj' matter is present ijv the natural fuel, just sufficient 
of a 1 per ce^ft. solution of gum arabic may be used to 
make the particles of fuel adhesive. For half a gramme 
of fuel, three small drops of such a solution will suffice. 
The pellets or’ briquettes jriuat be heated in the air-bath at 
•230 deg. F. (110,dpg. C.Hor at least four hours to expel 
the last traces of moisture thus introduced before testing 
in the calorimeter. 

Standard Typaa. —Two standard examples of the bell 
and bomb types of caiorimeter will now be described, but 
it must be understood that many different makes of these 
two types are in general use, and that practically all 
accurate, calorimeters belong to one type or the other. 
Hince accuracy in calorimetric work can be attained only 
by [iractice and by close attention to minute details which 
cannot he set out here, readers are referred to the various 
handbooks on this subject for more complete information 
ns to the methods of observation. 

The Darling bell apparatus consists of a glass bell-jar 
closed above by a rubber cork, and provided below with a 
glass flange ground (juite. level on its lower side. By the 
aid of rubber rings, a circular brass ring and small milled 
nuts and screws the glass bell can be firmly fastened down 
upon a brass supiwrt, through small holes .jn the base-plate 
of w'hich the gases produced by the cond)i!stion of the 
fuel have to pass before they can esca|)e and bubble 
up through the water. In order to break up the bubbles 
more completely, a piece of brass gauze may be fixed on 
the belt, or better still, a copper spiral may be provided 
above tlie brass base, and all the gases produced by the 
combustion may be forced to pass up this spiral before 
they e8ca.pe through the water. Such a copper spiral is of 
great service in extracting the last traces of heat ftom the 
waste gases in all calorimeter work. 

The lSahler*Doakia b^mb oalorimeter consists of a 
massive gun-metal cylinder, provided with three projecting 
thick screwed stud-pins for bolting down the cover. The 
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cover is provided, with a niilled-head screw valve for re¬ 
gulating the inlet of oxygen to the cavity inside the bomb. 
Th*e is also an insulated conducting wke, which runs 
through the cover anti terminates aWe the brass wire 
ring u6ed for supporting the small platinum capsule or 
crucihle containing the fuel. Thin lead wire is used.to 
make a tight joint between the bomb projter and its cover, 
a cu'cular groove in the cylinder top having i^s its counter¬ 
part a projecting ring on the >*nder side of the cover. 
The botyb is tested up to l,80ulb. pressure before it is 
sent out, ami is plated inside with gold, in order to with¬ 
stand the action of the nitric and sulphuric acids produced 
by the combustion of the fuel. 

' The usual jncssure used in these tests is 20 to 27 atmos¬ 
pheres, or liOO ih. to 400 lb. It is advisable, therefore, to 
have a small back-pressure valve inserted in the milled 
head-screw in the bomb cover in order to avoid a great loss 
of gas when disconnecting the oxygen supply pipe and 
gauge from the bomb, after ftlling the latter with oxygen. 
At these high pressures the combustion of the coal is prac¬ 
tically instantaneous, and fhe thin platinum wire used for 
ignition purjioses will generally be found fused owing to 
the temperature momentarily attained. In order to pro¬ 
tect the platinum capsule or crucible from the same effect 
and from the action of the molten slag produced, it 
is necessary to line it with thin asbestos board, cut and 
shaped to fit the crucible or ca)>sule. This asbestos board 
must be dried and ignited before use in order to remove all 
matter that migHt vitiate the test results. 

As regards the comparative advantages of these two 
types of calorimeter for regular routine-fuel-testing work, 
the bell apparatus is le.ss cMstly to set up and maintain in 
working condition, and the glass bell, if carefully used, 
will outlast two or three bombs with gold or enamelled 
linings. The only durable tyiie of bomb is that with a 
platinum lining, and at the present price of platinum the 
cost of such a bomb is prohibitive. Further advantages 
of the bell type are that the combustion is visible, it being 
possible to ^serve its progress ^through small holes^ cut in 
the cover of the calorimeter, and that being carried out 
under only a slight plus pressure it is more in accord¬ 
ance with* the conditions obtaining in practical work 
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than the combustion in the bomb, v^hich attains the 
violence and rapidity of an explosion. The rate of burn¬ 
ing the hriciiiettes or jiellets in the hell can, in fact, be 
brought into exact ratio with thu rate, of combustion in 
the boiler furpnee. A (tfloriiic vaiue obtained undhr such 
conditions i« of more practical value than one obtained 
by instantaneous combustion under 400 lb, to 500 lb. pres¬ 
sure, with the attainrnent of a temperature at which 
platinum Jiielts. The d^'oihposition products of coal vary 
considerably in Colnposition with the temperature attained 
during their.evolution, and it is reawnable to .assume that 
the gaseous jiroducts evolved in the bomb under the con¬ 
ditions obtaining^ during a calorimeter test are quite 
different in composition and heat value from those evolved 
at much lower tem|H’riituies and under normal pressure. 

' For scientific w'ork the bomb is, no doubt, preferable to the 
bell, but for everyday use and for the practical recpiire- 
ments of large works the bell type has much in its f.ivour. 

The Lewis Thompson's Calorimeter here illus¬ 
trated is another apparatus often used, and although the 
results by this luetliod of testing are only appro.\imate, 
they are (piite sufficient for a commercial w orking valiia^ 
tion. This ajiparatus consists of a glass cylinder holding 
2,1)00 c.c. of water, that is, 2,000 gramnjes when fill(‘d to 
this mark. The temperatiire of the water is taken with 
a delicate thermometer before beginning the experiment. 
Then two grammes of powdered coal are. mixed with. 
11 grammes of the oxygen mixtnre' f} part potassiuni ^ 
nitrate to 3 parts potassium chlorate, this being finely 
ground and well dried). A little of this coal mixture 
should first he tried to see if it burns properly. If the 
mixture does not bum steadily, the amount of oxygen 
mixture must be varied. When a mixing is found to burn 
well, a similar mixture is made and transferred to the 
narrow copper tube, the bottom of which should be tapped, 
while small portions are being pressed down gently with a 
test tube. When all the mixture is added, a piece of fuse 
about J inch long is inserted : this fuse is made by soaking 
thin cbtton wick in a soKition of potassium nitrate and 
drying. ^ 

■ The tiillo is now placed in the clips of the brjiss bottom, 
the fuse lighted and the cover placed quickly over it, care 
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beinp taken that the stopcock is closed; the tube is im¬ 
mediately immersed in the water contained in the glass 
cylinder The cover consists of a copper cylinder with a 
narrow tube; this prevents the water from coming in con¬ 
tact witJi the mixtflre. The products of combustion escape 
by hcjes at the hottom,*aiul the narrow tube is provided 
with a stopcock which is opened to admit th*e vjater into 
the cylinder and* tube after the combustion is finished. 

When the coinhiistion is fin^hcii. the sUnx’Ock is o])ened 
to allow the water to rise into thirfcvliMd(;r. The appanitus 
is then raised and lowered several times to mix the water. 
It is then removed anfl the highest temperafure attained 



taken and the iycftase noted. The calculation is then 
made as hlUtavs :—,\b '2 grammes of coal were taken and 
the cylinder contained 2,t)00 grammes of water, the 
number of centigrade degrees increase in temperature 
multiplied by ],(XK) will give the heat units evolved by 
the coal. The amount of heat absorbed by the apparatus 
during the combustion and so rendered insensible to the 
thermometer is ecpial to 10 |X!r cent., therefore 10 i)er 
cent, must be added to the number of degrees of tem¬ 
perature which the water has been raised. 

Example;— 

Initial temperature of the water, say, 15.6°C., and the 

Final temperature of the water, „ 22.2°0. 
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The correction for the 10 per cent, absorbed is now 
added, thus:—(6.G + 0.66) x 1,{KX)=7,260 calories, or heat 
units. g 

To convert the calories per kilo, intp B.T.U. per lb. 
(British Th^raal UnMs) multiply by 9 and divi^ by 5, 
thps:— , i; 

7260 k 9 

—5 '~ =13008 B.T.U. heating valu'e of coal, 

the British Therpjal Ihii b'eing the quantity of heat re¬ 
quired to raise one pound of water one degree Fahrenheit. 

As before Explained, the ordinar,/ chemioal analysis 
of ooal generally consists in the estimation of the follow¬ 
ing :—Moisture, ash, sulphur, volatile matter, non-volatile 
matter or coke, and the calorific power. 

The results obtained will usually enable an opinion to 
* be formed as to the quality of the coal. 

If the coal is well sampled and ground to a- fine jiowder, 
the requisite tests may he carried out as follows :— 

Moisture. —Weigh out two grammes of coal in a watch 
glass and place in a steam oven. Kemove the coal in about 
an hour's time, cool in desiccator and weigh. The weight 
decreiises by loss of moisture, but after a time increases 
by oxidation, so a series of weighings are carried out and 
the lowest ligm'e taken as the completion of drying. 

Ash. —Carefully weigh out one gramme of the jxrwdered 
coal in a shallow platinum dish; this U p,laced 'on a nickel , 
or pipe clay triangle and ignited slowly at fiiptcbut after¬ 
wards more strongly till only a clean ash remains. It is 
then tooled in a desiccator and weighed. 

Volatile and Non-Volatile.— Weigh out one 
gramme of the powdered coal in a platinum crucible 
which has been previously weighed without the lid. 
Cover the cnicible with the lid and place on a triangle 
and heat with a full bunsen flame. When the flame 
from the gases coming from under the lid stops, heat for 
about two nuiiutes longer,* remove the flame, cool in the 
desiccator, and weigh as soon as possible without the lid. 

■In ordento have comparable insults in diffeipnt opera- 
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tions the size of the flame and position of the crucible must 
be the same in aB estimations. 

loss in weight is the total volatile matter, and by 
subtracting the moisture already estimated, the actual 
volatile matter iff obtained. , 

T|je residue in the crfteible froih above c!4iniation is the 
coke containing the asih, so by subtracting the. weight of 
ash from this, Hhe non-volatile carbon is obtained. 

, I 

Example:— ^ ^ 

• Mojetore found . 6.6jior cent. 

Ash found * ... ... ... 7.3 ,, 

Vohtilo matter Crucible + coal brlore hrntiiy>... ... 13.9630 

„ „ after .13.6172 

Total volatile ... ... ... .3458 

which equals 34.68% * 

T.e88 moisture ... ... ... 6.60% 

Actual volatile matter ... ... 28.98% 

Non-volatile matter Crucible—coke 

Crucible alone 

Non-volatile and ash ... ... ■ ■. .6542 

which equals 66.42% 

Less ash ... ... • ■ ■ • • ■ 7.30% 

Actual non-volatile ... ... 68.12% 

• a 

Sulplwn.—^Veigh out one gramme of coal in a 
platinum crucible, and thoroughly mix with about four 
times the weight of finely powdered dry sodium carbonate. 
The mixing is efi'ected by adding the sodium carbonate 
gradually to the co.al in the crucible, and stirring con¬ 
stantly with a dry glass rod. 

Partially cover the crucible with the hd, and heat very 
gently at'first, so as not to volatilise the hydro-carbons. 
Gradually raise the temperature nearly to redness, and 
continue the heating until the mixture becomes faint grey, 
now raise the temperature toil, dull red heat for about an 
hour or until the mixture has become almost white, owing 
to the combustion of the coal. 


13.6172 

12.9630 
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Now treat, the cool mass with water, digest on a water 
bath for a time, and filter the solution. * 

Add a few c.c. of bromine water to the filtrate, ,and 
acidify with hydrochloric acid; thfn boil the liquid until 
all the bromine is renioved. Add 'barium oiiloride 
solution and bfeil; allow the precipitate of barium sulphate 
to'settle; (liter it off and wash well. Transfer the moist 
filter fiaper and precipitate to a platinum Vrucible, ignite, 
cool in desiccator and w^gh,as BaSOi. 

Calculate as WHiws ;— 

BaSOix’.lST-t X 100=per cent, sulphur. 

In this estimatien the mixture must not be stirred during 
the heating, nor should any smoke or (aloroiis gas osca|ie. 
If niiich iron is present the mass will bo of a red colour after 
heating. 




Of &treine importance to the cement manufacturer is the 
question of the^flicient utilisation of heat wlien* clinkering 
raw material in a Kotary Kiln. ,Tlie probleiu is somewhat 
similar to one that has lonj; ^ercised the attention of 
mechanical engineers, viz., the conver^iftn of the greatest 
possible prftixjrtion oi the heat set tiee in the burning of 
coal into steam in a boiler. .\n enquiry into the amount 
of heat dissipated and wasted in clinkdi’ing raw materials 
necessarily follows somewhat along the lines already laid 
down in investigating the efficiency of steam boilers, that 
is, in ascertaining the total heat given out in burning the 
quantity of coal used in making one ton of cement clinker, 
and comparing it with the heat which is theoretically 
necessary. 

It will be convenient to consider separately the various 
operations in which heat is usefully expended, recovered, 
or wasted. 

(a) Heat Is usefully expended in— 

(1) Driving off moisture from the. raw materials. 

(2) Heating up the raw materials to clinkering 
temperature. 

(3) .Decomjjosing the calcium carbonate. 

(&) Hea4 is* recovered trom— 

(4) The cooling of the hot clinker in the clinker 
cooler. 

(5) The union of lime and clay at the clinkering 
temperature. 

(c) Heat ie loet in— 

(6) Radiation from the kiln and cooler shells. 

(7) The waste gases leaving the kiln exit end. 

(8) Imperfectly cooled clinker leaving the cooler. 

The operations referred to ebove may be considered in 

detail as follows ;—^The calculation of the heat required to 
(1S7) 
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evaporate the moisture from the raw materials, and to 
superheat the steam formed to the temperature of the exit 
gases presents little difficulty. , 

It is not necessary to calculate directly the beat ex¬ 
pended in raising the raw materials'to cliukering teqipera- 
ture, and thistindeed wtAild be difficult, as the specific 
Iieats of the rrfw materials when approaching the clinkering 
temperature are not definitely known, and are also difficult 
to obtain. It suffices to remember that the heat expended 
in bringing the raw matevals to clinkering point will be, 
under suitable conditions, restored in the clinkea cooler. 
It is then only necessary to consider the loSses due to 
defective cooling, such as imperfectly cooled clinker, cooler 
radiation, &c. Thfe coal burned for the purpose of heating 
up the raw materials will only be that required to make 
good the losses such as those referred to. 

The heat required to decompose the calcium carbonate 
is now generally accepted as equal to 774 British Thermal 
Units per pound. 

The heat evolved by the union of lime and clay at the 
clinkering temperature is uncertain. Carpenter on Cement 
gives this as ^,868 B.T.Us. per barrel, or, say, 176,000 
R.T.Us. per ton, which is equivalent to about 15 lbs. of 
coal per ton of clinker. 

Methods are now available for estimating with consider¬ 
able accuracy the radiation from kiln and cooler shells. 
The calculations depend on the surface temperature of the 
shell, which is measured by a suitable thermal junction. 

The calculation of the heat lost in tlie waste‘gases pre¬ 
sents little difficulty. A doubtful point is the.specific heat 
of the gases at the higher temperature, such as 900° F., 
which is sometimes reached, and on this subject valuable 
experiments on specific heats of gases have been conducted 
by Le Ohatelier and Mallard. 

Heat Bffioienoy of. Kiln.— From a consideration of 
what has gone before, it will be seen that the total heat or 
quantity of coal required to produce one ton of clinker in 
practice, is capable of fairly close calculation, and very 
close agreement can be mad," in this manner with the coal 
ccmsumption observed in actual experiments extending 
over a Iong.period. 
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Kiln Bffl^enoy—Wet Prooeu. —The efficiency of 
a rotary kiln is *8omewhat difficult to define in practice, 
but an estimate may be made in the following manner. 

An ideal kiln may assumed for reference purposes. 
This is assumedto work witho\jt radiation or cooler losses 
and, without excess dir. The* water ins the slurry is 
assumed to be 37 per cent., this being about, the lowest 
value usually tnet with in practice. The temperature of 
the waste gases is taken at F. Such a kiln working 
under the ideal conditions ouMined i^fmve would have a 
total feel^consunjption of approximafely IG per cent, 
reckoned on the clinter produced. * 

In practice, most kilns on the wet jirocess will have a 
coal consumption nearly double, or 32 j)cr cent, reckoned 
on the clinker. Hence, in the sense refeired to above, the 
average efficiency of a modern itrocess kiln (as compared 
with an arbitrary standard) may be. said to be approxi-* 
mately 50 per cent. 

Kiln Bffloiency—Dry Process. —An ideal kiln using 
perfectly dry raw materials, working without radiation or 
cooler, or excess air losses, and having a waste gas tem¬ 
perature of 212° F., would operate with a coal consumption 
of approximately 8 per cent, reckoned on the clinker. In 
practice it is probable that dry process plants in this 
country working with a coal consumption of less than 
20 per cent, are rare, .\ssuniing this value the efficiency 

for a dry*process«kiln would be _ 4 () p<.r cent. 

On accodht of the increased temperature of the exit gases 
the efficiency of a dry process kiln when worked out on 
the lines referred to above is found to be less than that of 
a wet process kiln. The actual coal burned per clinker 
ton (which is the important point) is of course much less 
than on the wet process. 

UtlliBation of Waste Heat from Kilns.— The 

modem tendency is to use the wet process, with an in¬ 
creased length of kiln (and with a sufficient quantity of 
slurry lifters or similar appliances inside the kiln). The 
effect is to reduce the temperature of the waste gases 
below thp point at which it would be economical to instal 
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waste heat boilers. In some of the earlier American 
plants, working with short kilns on the Qry process, the 
temperature of the waste gases has been high enough, to 
render tlie use of such boilers prdt;ticable. 

A considerable difficulty^ was the deposit of fine dust on 
the water tubet and elsewhere, biffc this appears to ^)ave 
been sucocssfully overcome. 

Whilst therefore waste heat boilers may be applied with 
success to some of the early plants working on the dry 
process, it is considered thrt fcoth for the wet and the dry 
processes future progress is likely to be in the direction 
of reducing thb temperature at which the gases leave the 
kiln. An equivalent reduction in the coal required for 
firing the kiln will naturally result. 



The Rotary Kiln. Flue Gas Analysis. 

CllAPTEK X]. 

From the coal analysis theialuc o^' the coal is arrived 
at, and from the flue gas analysis it is Seterinimid it com¬ 
bustion ot the coal t.tkcs place in a salisfacftry manner. 

In an ordinary boiler furnace the air drawn through the 
tire by the chimney carries the sup[)ly of o.vygen necessary 
for burning the fuel, air being a nii\ture of about 21 per 
cent, of oxygen and 79 parts of nitrogen by volume. 

The nitrogen takes no actixe part in jxassiug through* 
the lire, and pa.sses from the (diimney in the same con¬ 
dition as it entered the furnace. 

The oxygen combines with the carbon and hydrogen of 
the coal forming CO: and HjO together with some CO if 
combustion is incomplete. Tlu'Se gases, together with the 
nitrogen and the excess atr pass up the chimney, n’he 
Jiercentages of CO:, O2 and CO present in the flue gases 
can be conveniently determined by analysis, and an ex- 
iiniination of the result shows whether the fuel is being 
burned in a .satisfactory manner. 

The method used for the estimation of thes<i gases is 
absorption in ^ yiiecial apjjaratus. A measured (pianlity 
of gas is*p*ssed into caustic potash solution to absorb the 
carbon dioxide (CO^) then into alkaline |)yrogallate solution 
tr> absorb the oxygen fO^I, and afterwards into cuprous 
chloride to absorb the carbon monoxide (tT)). The ap¬ 
paratus generally employed (or this test is the Orsat. 
This arrangement consists of a- burette for measuring the 
gas, graduated from zero to 100 c.c. at the top, each c.c. 
being divided into l-5th c.c. The burette is suiTounded 
by a water jacket to protect the ga.ses contained in it from 
external changes of tejiiperature. The tof) of the burette 
is connected by capillary tubing with stopcocks todhe tlnee 
absorption tubes containing bundles of glass tubes, and the 
above-mentioned solutions. 

(Ml) 
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A description of the Onat Apparatus is as follows 

(A) The level bottle connected to the burette by 
rubber tubing and two-thirds full of water. 

(B) The graduated burette for nleasursng the gsij. 

(Cl Kubber pump for diawing guses from the flue, this 
being connect'iid to the three-way stopper D. 

(D) Three-way stopper for connecting the flue to the 
pump of the burette. 

(E) Absorption tube containing caustic potash. 

(F) Absorption tube containing alkaline pyrogaBate. 

(G) Absorption tube containing cuprous chloride. 

(K) Tube for connecting to the flue. 

Method of Working 

Eaise the level bottle A, and allow the burette B to fill 



Orsat-Lunoe’s Ai-rABATtis eor Furnace Gab AxALysis. 

with water to the 100 c.c. mark; then close the stopper D 
agaiDftt. ibe tube \eatling lo iB. “ 

Now by means of pump C draw the gas from the flue 
through thalube K, till all the air in the tube.has been 
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completely displaced by the flue-gas. Now open stopcock 
D to the burette *B (making sure that the stopcock D is 
corsectly placed to shut off C). Lower the level bottle, 
and allow the burette to fill with gas to the zero mark, then 
close D. * , 

Tlje burette now confains 100 c.c. of the’^ue gas to, be 
tested. Now open the stopcock on E and at. the same 
time raise the‘level bottle; this forces the gas into the 
caustic potash in tube E; lq>ver the level bottle and the 
gas is drawn back to the burettdl This is carried out two 
or thre^ tinies, so that all the carbon dioxide may be 
abs»rbed. The last tiilie the level bottle is lowered slowly 
BO that the caustic potash rises to the Ijeight it originally 
stood at; the atopjjef of E is then closed and the level of 
the water in the burette is now read off, the reading 
giving the iiercentage of COs. The gas is now passed , 
into E in the same manner to ahsoi-b the oxygen, and 
again intoG, to absorb the CO (carlwn monoxide). 

Complete combustion of the coal is required to get the 
full heating value. Prom combustion the chief product is 
(.'arbon dioxide (CO 2 ). which should tbei'cl'ore show a 
good percentage in the flue gases. Carbon monoxide is 
formed by incomplete combustion of the c»al, the pretence 
of this gas therefore shows a wastage of fuel, as with ad¬ 
ditional oxygen the CO will bum to CO 2 , thus producing 
more heat. The quantity of CO present in the flue gases 
should therefore be very small, and less than 1 per cent. 

The formation of CO is often due to incomplete combus¬ 
tion caused by rapi?i firing. 

The pr5se»ce of Oxygen in the waste gases indicates 
excess of air. Air in excess of that required for combus¬ 
tion causes waste, because the cold air entering the boiler 
is heated up and escapes at a high temperature from the 
chimney top. 

The best results are obtained when just enough air is 
supplied to burn the coal completely, thus preventing the 
formation of CO and consequent black smoke from the 
chimney top. 

On account of the unequal distribution of the air passing 
through the fire it is gencrallf found necessary to supply 
considerably more air than wmuld be required if there was 
a mwe umform mixing of the air with the coaf in the fur- 
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nace. The table below, which is worke4 out for boiler coal 
of average quality, shows the relation between the excess 
air supplied to the boiler, and the percentages of CO/and 
Oa present in the flue gases. * , 


-- - - - 


-P 

• 


.Excess 

Air per lb. 

CO, 

0 . 


Air 

of Goal 



Kemarks 

per cent. 

lbs. 

per cent. 

per cent." 


U 

1014' 

^8.3 

- 

Tbe aiA per- 





ventages are 

50 

15.5 

12.1 

' 7.0 

by volume 

100 

20.7 

9.0 

10.6 


l.W 

25.9 

7.1 

12.8 


200 

21.1 

5.9 

14.0 



In the hc.st boiler jiractiee. tiie excess air would probably 
be at least 50 per cent., corresponding to 12.1 per cent. 
COa and 7.0 per cent, ol oxygen in the waste gases. In 
le.ss well arranged boilers the e.\cess air may reach 150 per 
cent., the ga^ analysis then showing 7.1 per cent, of CO 2 
and J2.8 per eent. of oxygen. 

When very large quantities of excess ak are indicated 
it is probable that much of the air does not pass through 
the furnace, hut leaks into the flue.s between the furnace 
and 'he chimney. The gas analysis is usually taken near 
the ehinniey. The excess air can be cdhveniehtly deduced • 
either from the t'O or the O 2 present in the flub gases. 

In the calculation of the excess air present when burn¬ 
ing eenienti raw materials it must be observed that CO 2 is 
given off by the raw materials during the jirocess of burn¬ 
ing in the kiln, and this increases the proportion of CO, 
present in the flue gases. 

It follows that in the ease of rotary kiln exit gases a 
relatively high proportion of CO 2 indicates not only com¬ 
plete combustion and small excess air present, but also a 
type of kiln in which the heat of the coal is utilised in the 
most efficient manner. Pnr the estimation of excess air 
alone in cement kiln practice, the percentage of oxygen 
present in the exit gases is a reliably indication. 
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For a rotary kiln on tlie wet proeew burning; about :10 
per cent, of dry‘coal, the gas analysis for various propor- 
tioBS of excess air will be approximately as shown in the 
table below. ^ « 


• 1 

Excess 1 
Air 1 

per <»nt. j 

Air per lb 
Coni ; 
lbs. ! 

I 

COs 

per cent. 

• 

0 . 

{wr cent. 

1 

• 

* Remarks 




* • • 


0 • 

10,0 

20.7 

— 

The gas per- 

• 

• 



• cciit^tgcH are 

to 

ll.o 

24.4 

1.8 

by volume 

25 

12.5 

21.7 

3.*9 


50 

15.0 

i8.;t 

B.ti 


75 

17.5 

1 . 5.8 

8.5 



When burning powdered coal in a rotary kiln it is pos¬ 
sible to cut down the excess air to 10 per cent. 

Under these condiliotis and with a. diy coal consumption 
of 30 per cent, the gas analysis, as shown by the table, 
would be approxinmtely ('02=24.4 per cent, and 02 = 1 . 8 . 

The relation between the Oxygen present in the waste 
gases leaving the kiln and the excess air sujjplied will 
remain nearly constant for a wide variation in (ho per¬ 
centage of coal consumption. The CO" .sliown l)y the gas 
analysis, iiowe\l!r, is much more affected by changes in the 
coal consumption. 

As previously explained, a correct regulation of the air 
supply in a rotaiy kiln will generally effect a saving where 
this matter has not previously received proper attention. 
The admission of too much air causes a loss of fuel owing 
to the heating of an unnecessarily large volume of air; on 
tlie other hand too little air leads to com))lete combustion 
of the coal. The latter is indicated by the appearance of 
black smoke at the chimney top. 

With rotary kilns the danger usually to be fcarcd is 
excess of air, as the general arrangements of the kiln tend 
in this direction. For estimatinsr excess air the O 2 in the 

t 


K 
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waste gases is a much better guide than the CO 2 , the latter 
figure being de|)endent in a cement kiln bdth on the excess 
air, and in the general efliciency of the type of kiln usad. 

Cement kilns differ in this respect from boilers. In the 
latter ap[)aratus the proportions of CO 2 or Oj in the flue 
gases are usuffily useful as showing the percentage of 
excess air’present. 

Correct air supply, complete recovery of the heat of the 
clinker leaviug'the kiln, low temperature of the exit gases 
and the recovery ,of potasi are directions in which the 
cost of firing rotary kilns will be reduced in future. 
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CHAPTER XII 

AmonU tlif. ftn»t Rotary Ivilns lor cement manutacture was 
one erected at Arle^y in 18H7, and anotlie*r at Hull, and 
s(x)E afterwards a small kiln was erected at Penarth, and 
one at Grays. All these kilns were at first supplied with 
heat from pas producers. The Arlesey kiln, at that time 
{lerhaps the largest erected by Kansome—one of the original^ 
patentees—was ‘26 feet long and 5 feet in diameter. Sub- 
.se(|uently the Stokes process was introduced in the 
industry, but none of these early Rotary Kilns, nor indeed 
any other Rotaiw Kiln, was at that time a practical or 
commercial success, the chief cause of failure being the 
absence of a suitable method of firing. 

This has Ik'cii since attained by investigators in the 
I'nited States, and le<l to the adoption of an apparatus 
dealing with powdered coal with an air blast. Since that 
time various ideas in dimensions and designs have been 
incor|)orated in apparatus j'nt n|)on the market by 
numerous makers of the kilns in many countries. 

With tlie first ftitroduction of the Rotary Kiln, however, 
it is douBtfvl if Crarnpton's patent of 1877 ever got beyond 
the experimental stage, and Ransome’s ideas did not 
indeed get much further. 

The following are some extracts from the first patents 
applied for in connection with the use of a Rotary Kiln 
for cement manufacture :— 

T. R. Crampton, 13 Victoria Street, S.W., 22nd June, 
1877, and 7th December, 1877. 

(a) P’or the burning of IVirtland and other jiuch-like 
cement in chambers or furnaces in which the cement 

(U7) 
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material is kept in motion either continuously or inter¬ 
mittently by mechanical agitation during the burning 
through them, substantially as described. " 

(b) The burning of Portland and other shch-like cement 
in revolving funaaces heated by th^ gases resulting fcorn 
the combustion of coal or carbonaceous material passing 
through thelii, sub..tantially as described. 

(c) The burning of Portland' and other such-like cement 
in revolving furnaxs heated by the combustion ,of air 
and powdered, carbonaceous materia', sub-stantially as 
described. 

(d) The iiianiifactiire of Portland and other such-like 
l•enlent direct from the raw itiafcrials lieing effected in a 
continuous operation. 


F. Raniome, Lower Norwood, Surrey, 2nd May, 1885, 
for—r 

(a) The process of manufacturing Portland and otlier 
cement substantially as described, consisting in first re¬ 
ducing the cement material to a. dry jKtwder, according to 
the degree of fineness required in the burnt cement, and 
then burning such dry pow'der by keeping it in continuous 
movement whilst exposed to the heated products of com¬ 
bustion of a gas or other furnace s<j that the cement pro¬ 
duced may be used without subsequent grinding. 

(b) The process of manufacturing Portland and other 
cement substantially as described consisting in first re¬ 
ducing the cement material to a dry powder according to 
the degree of fineness re(pnred in the burnt cement, and 
dien burning such powder in a slowly revolving chamber 
heated by the combustion of gas Bub.stantially as described. 


Frederick WilMd Stokes, 13 Holland Street, Kens¬ 
ington, dated 10th March, 18S8, for— 

(a) The improved method or process of producing 
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rement by first forming the slurry into strips, sticks or 
sheets of regular or uniform transverse sectional area; then 
liaying the same, and then subjecting them to intense heat 
in a revolving cylinder or furnace, while they are kept 
relatively in motion, ijfihstantiayy as and for the purpose, 
setjorth. * 

(6) The described method or manner of simultaneously 
abstracting some of the Hej)t from tlie butnt cement and 
heating the waste products ofscombus^on or atmospheric 
air to fee used for drying the sluri'y or for other purposes, 
as set forth. 

<c) The employment of a conveyor lined with fire-brick 
or other refractory material and arranged to pass along a 
flue through w’hich the waste ]>roduct8 of combustion, or 
the wet shirry are caused to pass, substantially as, and for^ 
tile purposes set forth. 

(d) The consisting of a revolving cylinder lined with 
fire-brick or other refractory material (with or without the 
helical grooves) and so arranged that the waste products 
of condiustion or atmospheric air will pass through the 
same, substantially as, and for the purposes, set forth. 

(c) In my improved apparatus for burning cement, the 
provision for utilising compressed air for inducing currents 
of air into the regenerative chandler, substantially as, and 
for the purpose, ijbove specified. 

• 

(f) Tlie bondiination of a regenerative chamber, a re¬ 
volving cylinder or furnace .ind a hood or casing for 
collecting the heat radiated from the said cylinder or fur¬ 
nace, substantially as de.scribed. 

(g) The combination of an elevator, hopper and con¬ 
tinuous feed with a revolving cylinder or furnace, sub¬ 
stantially as, and for the pur[)oses set fnrtfi. 

(h) The improved method of fonuing the slurry into 
strips, or sheets, by forcing at in a plastic staf? through 
suitable apertures in an otlicrwise closed cylinder or 
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chamber by means of a piston, substantially as, and for 
the piirix)s(', set forth. 


K. H. Hurcy, Bethlehem, Pennsylvania, and H.' J. 
Seaman, Catasauqua, Pennsylvania, ‘23sd December, 
IHIW— 

(<i) The proceKi' for afrtoiiialically liandline ^•emenf 
iriaterial, and contiiiiioiisly inakiii}' aed finishiiif, Portland 
cement, substantially as specified and represented in the 
drawings. i 

(h) The process for continuously and automatically manu¬ 
facturing Portland cement, which consists in pre[)aring 
'the cement material, roasting such material, cooling and 
pulverising the resultant clinker, and packing or storing 
the finished cement, 

(c) The process for continuously and automatically 
inanufaxtturing Portland cement, which consists in jne- 
paring the cement material, roasting such material, wet¬ 
ting, cooling, and pulverising the resultant clinker and 
packing or storing the finished cement. 

((/) The described jtrocess of burning jtulverised car- 
ImnactHWis fuel in the presence of the cement material 
being roasted, which consists in injecting, the pulveri.sed 
fuel with a limited volume of high pressure dr inducing 
a limited current of air at atmospheric pressure with the 
injected fuel and snp])lying the air necessary to support 
combustion of said fuel by a natural draft independent of 
the injected misture. 

(c) The described process of burning pulverised car- 
Imnaceous fuel in the presence of the cement material 
being roasted, which consists in injecting the pulverised 
fuel with a limited volume of high pressure air iiidiicing^ 
a limited cun-ent of air at atmospheric pressure with the 
injticted fuel and supplying the volume of air to sup])ort 
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combustion by g heated natural draft independent of the 
injected mixture. 

(/) The described ^method of burning pulverised car- 
bonac^us fuel in the presence of the cement material being 
roajted, which consists in ilfjccting tl«e fuel with a 
natural volume of high ja’cssuro air in the presence of a 
natural draft * 0 ! air suflicieiit to support combustion of 
said fuel and allowing the air !o cairv thi' solid residue 
of combustion awav witijoig impm^iug against the 
cemen* nuiterial being roasted. 


.\n inter(>sting record, showing the possibilities of this 
kiln some thirty ,\ears ago. is contained in the description 
of the operation of the Rotary Kiln and the methods in* 
use at the time, as re[)orted by The Engineer, in the 
year 1887. 'Phis re[)on of old standing, well descrijitive 
of the mariufai’ture of cement, by the then old and new 
methods, is here reproduced, and it will be seen that the 
article is peculiarly illustrative of what has actually 
occuiTcd in the industry some thirly years after this report 
was written. 

'Pile following article has particular reference to the 
" H.^nsomr ” Rotary Kiln patented in 1885, as then 
introduced in cement manufacture :— 

The pihcess oi* cement manufacture as it at present 
exists mift’ be briefly described as follows ;--('halk is mixed 
with the reipiisite iiuantity of clay in a ‘‘ wash mill,’ a. 
large circular basin of brickwork, in whicb a series of 
heavv iron drags or harrows are caused to rotate by the 
motion of a central spindle, to which they are Bus|)ended 
by radiating arms. Water is run in, and tiie two materials 
gradually disintegrate and thoroughly mix. The mixture, 
in the state of thin sloj), known as “ slurry,” runs out of 
the mill as it is formed, and is led off to large settling 
tanks or ponds, where it is allowed to remain at rest. 'Phe 
finely divided chalk and clay aettle down to a stitkniass at 
the bottom, and the water is run off; a series ol tanks 
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being so arranged that each one is rea(k for subsequent 
treatment about six weeks after it has Been filled. The 
stiff jiiass, or “ coni{X),” left behind when the water has 
run off, is in tiiaiiy works removed and ground in an 
ordinary mortar mill, aftei; removal from which it is loaded 
on to drying ^oors whicli are heated, either with waste 
heal from ,kilns or coke ovens or by special furnaces ar¬ 
ranged for the purpose. A shed open at th^ sides protects 
the drying coni|)o troin rain, tjnd it gradually solidifies into 
masses containing /mly ac small percentage of moisture. 
'I’hese masses, varying from the size of a mail’s liead to 
that of the fisV are placed in a kiln with alternate layers 
of coke. A fair-sizpd kiln will hold 70 tons of dried slurry, 
1") tons of coke, and a siriall quantity of brushwood to act 
as kindling. 

The fire is now lighted, and by the fourth day, or in, 
* say, ninety-six hours, the 85 tons of material have reached 
a temperature closely approaching that of molten cast iron, 
and have also diminished in weight to about 30 tons, plus 
the weight of the ashes of the coke (about 15 cwt.). The 
kiln requires a day to cool, another day to unload, and the 
30 tons of herd cement clinker is ready to be crushed, and 
then ground into a marketable product. In addition to 
the above process, there are two modifications of the pre¬ 
liminary part of it in use, known respectively as the 
■■ semi-dry ” and " dry processes." These apply a less 
ijuantity of water in the mixing of the materials, the object 
being to do away with the settling tanks, and^thus save 
space and labour. The treatment of (“iiet product in the 
kiln is, however, the same in all. It will be Vis'well here 
to consider what has hapjiened during the burning de¬ 
scribed above, and the first striking fact is the enormous 
decrease in weight. Firstly, the whole of the combustible 
portion of the coke has gone, mostly in the form of car¬ 
bonic acid: secondly, the 70 tons of slurry has diminished 
to about 30 tons. 

As far as the coke is concerned, assuming that 95 per 
cent, is carbon, the conversion of this into carbonic, acid 
has involved the consumption of nearly 38 tons of oxygen, 
equal trf nearly 166 tons of* air; next the slurry has lost 
40 tons, 38 tons being carbonic acid, and the atmosphere 
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has thus received from the kiln some 90 tons carbonic 
add, 128 tons nJlrogen, and about two tons of water in 
the^hape of steam. When the last of tlie coke has burned 
away, there is left in tfce kiln 30 tons of cement clinker at 
a tempei'ature of’over 2,000 deggrees F., the walla of the 
kiln jiave also, for some distance’ from the^yiterior, been 
heated to the same degree, and before anythijig can be 
done this niasshinst have become cool enough for removal. 

It is obvious that the heat ^retained after the clinker is 
formed is lost during this cooli»g proc»fas. 'I’he value of 
this he® ig considerable, and would probably be equal to 
nearly one-third of flie total coke consunie*d. In other 
words, it may be-assumed that to re-hgat 30 tons clinker 
with the brickwork of the kiln would take five tons of coke. 

If this heat could be utilised it would efi’ect a saving of, 
say, 2s. per ton of ceinent made. Another defect of the ^ 
process arises from the large size of the lumps of sluiTy 
put in. Owing to this they invariably consist of (1) an 
over-humt extei'ior skin, (2) a projierly burnt inner part, 
<3) if at all large, of an under-burnt kernel. All these are 
of necessity ground together; it is impossible to do more 
than make a very rough selection for the mill. 

The clinker now cooled and ready for the mill is ex¬ 
tremely hard. It has first to be. crushed by a Hlake’s, or 
other crusher to lumps about the size of a walnut, and 
these have to be ground under mill-stones. The extreme 
hardness of the material necessitates constant dressing of 
■ the mill-stpnes to such an extent that at least a quarter of 
’ the stones in a tfeineiit mill are always uj> ” undergoing 
this process? Thus, while the steam power required to 
deal with so refractory a material is a very heavy item, it 
is obvious that the maintenance of the mill in a thoroughly 
efficient state involves a constant and serious outlay. 
Another defect arises from the ash of the coke which being 
inextricably mixed with the cement clinker, is therefore 
ground with it, and acts so far as an adulterant. 

Returning to the kiln, we find that each firing involves 
the heating of the cold walls of the kiln to the necessary 
temperature, and again cooling them to the point at which 
it can be unloaded and again loaded up. The kilns have 
to be built of enormously massive masonry, and withstand 
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the strains and I'acking caused by these constant violent 
changes of temperature. To keep them* in repair involves 
very heavy outlay, and the first cost of a 30-ton kilE, of 
about 20 feet diameter, and ,35 feet to 40 feet high, with 
walls tapering from about 3 feet, with its fire-brick lining, 
is extremely^^ heavy. The grounrf space occupied by it is 
also very Jarge. 

It will be seen from the above that the processes of burn¬ 
ing and grinding the cement tire by far the most costly of 
all the operatiotpisinvolved in it.s manufacture, and that 
I hey are beset with defects, both scientific and ftractical, 
of a very sehmis nature. It is evident that if any great 
improvement is to he effected in the manufacture, to 
these portions of the process the most serious attention 
must he directed. It is therefore to this part of the work 
(hat Mr. liansome has directed his attention, taking ns 
his guiding principles economy of fuel, space and labour, 
and he has devised the following process :— 

The slurry prepared by any one of the methods now in 
use is dried on a floor heated as usual or by waste gas from 
subseipient processes. The soft, friable, and easily 
crushed blocks are now reduced to coarse powder, and are 
then ready for burning. The old kiln is totally abolished, 
and in its place a cylinder of boiler plate is used. This 
is lined with good refractory fire-brick set in fire-clay and 
about every fourth row bricks are set up on end, thus jiro- 
diicing a number of parallel longitudinal feathers or ridges 
extending eoniplt'tely through the cylinder from end to 
end. 'Phe outside of the cylinder is pr»vided with two 
smooth rings or rails of iron. In the centre i! tfiird rail is 
wrought into teeth, into which a. worm rotated at a slow 
speed gears. 'I'he two rails rest on friction rollers, and the 
whole cylinder being set at an angle with the horizon is 
caused to rotate slowly. This construction though sound¬ 
ing somewliat formidable, is in practice extremely simple, 
and similar machines, known as “ black-ash revolvers,” 
or ” revolving black-ash furnaces,” have long been, and 
are now, in daily use in alkali works. The cylinder is 
mounted on the top of a brickwork chamber divided by 
interior walls of brick. 'Phy two outer chambers are filled 
with bricks (died in loosely, cliequerwise, so as to present 
a large soria<'e. 
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We will now supiwse a cylinder to he started, and 
describe the operations. A gas producer beinj; in working- 
order and delivering its gas at a regular rate is lighted, 
and the flame passes through the cylinder, which in the 
course Of a few hours ajtains a .white heat. The waste 
heat fifoin tlie revolver has also passed throu)^^, and heated 
the right-hand dh'ision of the regenerator to a liright cheiiy 
red. A shunt valve is now opened, causing the waste 
gases to pass through the leftjiand regenerator, while the 
gas froinJ;he jiroducer is caused t* flow tiij;ough the heated 
right-haiTd ulianiher, a^id thus arrives at the mouth of the 
revolver already intenselv heated. 'I'he rcsirit of this is 
that an immediate economy of fuel is produced, and to 
avoid over-heat it will he necessary to reduce the gas 
supply. During the whole operation the air necessary for 
comhiistion is also heated hy passing down a separate 
division of the regenerator, where it receives heat from the 
walls of the outer compartments. ;\s soon as the right- 
hand chamber begins to cool, the furnaceman reverses his 
shunt valve and the fresh gas is turned through the hot 
regenerator, while the waste comhiistion products are heat¬ 
ing that which has cooled down. The effect of this 
method of working is thus to return into the furnace the 
beat which in ordinary metlKKls of work goes uji the 
chimney. No startling innovation occurs save in the ap¬ 
plication of the method to cement making. Regenerative 
furnaces are in use all over the world, and an intelligent 
furnaceniaii will lejrn how to manage one in a few hours. 

We hav^now to turn our attention to the cement which, 
taken from the drying flixir, we described as crushed to a 
:-oarse powder. The powder is lifted by any convenient 
mechanical arrangement to a hopper, ]ilaced at the upper 
?nd of the revolver; from this it falls in a steady shower 
through the flame, to the lower side of the cylinder, and 
(xlges between the feathers. .As the advancing side of the 
revolver rises it is lifted until the feather attains such an 
inclination as to shoot it off again through the flame to the 
liottorn once more, hut, owing to the incline, siweral inches 
nearer to the lowei- end. .\s the revolver moves on, this 
ijieration continues again and* again, the powder’is con¬ 
stantly lifted and shot through the flame in showers. 
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gradually getting nearer and nearer to the lower and hotter 
end of the cylinder, until at last it falls out into a recep¬ 
tacle at the lower end. In practice it is found desirable 
to rotate the cylinder at such a rate that any given particle 
of ceinent takes about thjrty minutes to travel front one end ' 
to the other,«during which time it has been lifted and shot 
through the flame about fifty times. 

The powder has now arrived at the outside of the fur¬ 
nace, and having beeti delivered on to a floor to axil, is 
at once ready f 9 r, grinding, that is, it is in the same state 
as the clinker after being seven davs in the kiln'. Unlike 
cement cliitker, however, it does not consist of lumps 
weighing from 14 [lounds downward, and as hard as 
granite, but a coarse, roughly agglutinated sand. Nor 
does it consist of an over-burnt skin, a properly burnt 
inner portion, and a possible under-burnt in most i)art, 
but if the operation has been proiierly carried out, each 
fragment has been heated to exactly the {iroper degree. 
How exactly this heat can be regulated is well known to 
all who have ever used a regenerative furnace. Again, the 
fuel used is gaseous, consequently no mixture of coke ash 
has taken place, and the cement is really and in fact whai 
it jirofesses to be. 

8o much would have been achieved had the new process 
been introduced with a furnace which had to be cooled in 
order to remove its contents, but—and here comes in a 
source of immense saving not only in fuel, but in repairs— 
.this is not an intermittent but a continuous one. _ The 
revolver once started goes on night and day delivering its' 
hourly quantity of properly burnt cement 'until its fire¬ 
brick lining requires renewing, an operation that has to be 
lierformed only occasionally. There is no constant loss 
of time and heat during cooling, loading and unloading, 
as with the kiln, but the hourly delivery of a ton of cement 
enables a works with two cylinders to turn, out 336 tons 
of cement per week, a quantity that eleven kilns of the 
usual capacity could not produce in the same time. As a 
matter of prudent practice, the inventor advises that a 
spare cylinder with its regenerators should always be ready 
so that a works using twoVylinders would, as a fact, have 
three. In such a works, as soon as a revolver was seen to 
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be in such a state as to require attention to its lining, gas 
would be turned oit to the standing furnace, and in a few 
hour(^ it could take up its duty, allowing the shut-down 
revolver to be re|)aired without any stoppage or diminution 
I of the output. It needless to si^j- that the re-liniiig of 
a kilq is a very different matter. Involving Mie loss of its 
services for many days. 

The next question to be considered is the economy of 
■ fuel effected by the use of gak producers. Instead of con¬ 
suming coke, these require only t«> be fed,with slack, coal 
dust, or anything that will burn, fed in at intervals through 
a hopper. A two-cyifoder works would recfiiire for its 
daily service probably one gas producer^ capable of con¬ 
verting about 6 cwt. of slack per hour into gas. In 
addition, there should be one similar producer in reserve 
kept going at only one-fifth of its full power, its gas being 
utilised under the boiler or drying floors; it would thus 
always be retidy in case of a breakdown to take up its full 
production and siqiply the revolvers in motion. These 
producers are chambers of brickwork, in which a portion 
of the fuel burning ga,sifies the rest, a small jet of steam 
being blown in to assist the operation. They consume 
the whole of the coal, nothing'escaiiing but ashes, and 
thus alone effect a great saving in the Bto])page of the 
waste of cinders inevitable under ordinary circumstances. 
Numerous first-rate makers e.xist, and the use of gas pro¬ 
ducers is daily extending in the country, even in places 
where coal is raised either on or in close proximity to the 
• works. Their value as economisers is recognised in all 
furnace operations requiring intense local beats. In steel 
and glass-melting industries employing heats like that of 
the cement kiln, it is asserted that, coupled with the use 
of regenerators, a saving of 50 to 70 per cent, of the fuel 
formerly used is effected. The only use for which their 
value is disputed is for steam raising, though in works 
where they are required for other purposes, even here they 
would effect savings in fire-bars and in wages. Their cost 
is small, they occupy little room, they can be placed at any 
reasonable distance from the place where the gas is to be 
burnt, so as to be in close proximity to the coal sidiiig, any 
labourer can shovel the slack into them, and they do not 
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require coostuut akilled supervision. As we have before 
stated, tJiere are several forms in use, that of Wilson being 
one of the best. ^ 

On the occasion of an inspection of Mr. Bansome’s ex¬ 
perimental furnace at Grays, Essex, the revolver was fur¬ 
nished with gas from a small producer, built by the,works 
biicklayer, which was gasifying about 2 cwt. slack per 
hour; this not only supplied the furnace, but the valve was 
partly shut down to control the gas, which was neverthe¬ 
less in excess of what wijjj rwpiired. In fact, the producer 
could have supplied, two half-ton revolvers. There was 
accordingly 'here exhibited a consuliiption of about 2 cwt. 
slack j)er ton of cement produced, instead of the usual 
7 to 10 cwt. coke j)er ton of cement clinker from the kiln. 

The results derived from this plan of gas firing 
are therefore: (1) J’ossihility of working with regene¬ 
rative furnaces, thus saving all heat passing from 
the revolver. (2) Use of about 3 cwt. cheap slack per ton 
of cement instead of 7 cwt. coke. (3) (lomplete com¬ 
bustion of all fuel, the steam injected being decomposed 
by the red-hot cinders, and producing carbonic oxide and 
hydrogen. In all ordinary furnaces great quantities of fuel 
are lost, and in the shape of. cinders inextricably mixed 
with the ash or mineral matter of the coal. (4) The 
cement is kept entirely free from fuel ash. 

In addition to these the revolver gives us the following 
advantages:—(1) Economy of sfxice, two revolvers with 
their appurtenances, and one in reserve, covering 900 
square feet, turning out the same weight of cement as 
eleven kilns covering 4,400 feet. (2) Contir.ucus day and 
night working, and hence economy of fuel lost by necessary 
cooling, and subsequent reheating of the kiln walls. (3i 
economy of repairs, which are simple and cheap. (4) Less 
frequent need of repairs, as the continuous heat involves 
no racking like the alteraate heating and cooling. (5) 
Economy in first cost. (6) Economy in grinding, a 
granular sand being produced instead of lumps of clinker, 
whereby crushers are quite abolished, and the wear and 
tear of the millstones greatly reduced. (7) Economy of 
hand labour. Eevolver cement can be handled on the 
American elevator system. (8) Improved quality from (a) 
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non-mixture with fuel ash; (b) no over-burning nor under¬ 
burning. (9) Increased control over quality of cement, it 
being possible to stop, increase or diminish the flow of 
crushed slurry to vary its quality at any time. (10) Free¬ 
dom from loss b*y accident. Jlie ordinary kiln once 
charged and fired must burn out, whether chUyged wrongly 
or rightly, while, as before stated, any error ip material 
can be rectified’in a revolver as soon as discovered. (11) 
Perfect control of temperatilrg. ,'lnd lastly (121 power of 
varying temperature according rt natiirqpf material. 

The fesiijts of 1h(^ introduction of tlie Rotan- Kiln 
anticipated in this early historical luirratiTe have not, 
however, quite been realised eviai with,modern jilant. 
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CHAlTKli xrii. 

The Hucceedin}; (Ond liiia" stuf'e in (he process of inanu- 
factnre (aftei; tlie caldniiif; of raw niaterial) is tlie 
''iff* "" extrcinelj tine |xiwdcr of the clinker 
which conics froiirlhc kilns, and this process has exercised 
ipiitc a lurifc proportion of in^ieniiitv (hiriiip' tlie [last few 
years. So niiicii altentioii lias of hiti* been devoted to the 
nianiifacture, that, as regards the mixing of the raw 
materials in their due (iroporiions ami the jiroper calcina¬ 
tion of the mixture so obtained, one brand of cement may 
be said to be very miieb like another, and provided the 
works are suitably designed and the various details of the 
iiiamifactiire carried out with care, it may be accepted as 
a general rule that cements dilfer only slightly m ipiality. 

I'he c|iiestion then arises :--what eoiistilutes a higii- 
elass cement‘i* To which rpiestioii the answer is, that the 
true, test of (juality is not to be found in the brand, but in 
the tests which the cement can stand, and particularly the 
fineness to which the cement is ground, always jirovided, 
of txiurse, that the materials are carefiiUy selected and the 
various stages of manufacture are proptrly carried out. 
KnginiHirs and architects giving any study to this question 
show a singular unanimity in declaring that a finely ground 
cement is far su|)erior to one that is but coarsely or even 
moderately finely ground. 

It is not intended, however, in this chapter to deal with 
the qualities of cement by grinding to various degrees of 
fineness, but merely to continue with a description of the 
processes generally employed. Indeed, even in this 
respect also it would not be jiossible to describe the entire 
number, of mills in the numerous methods adopted at 
different factories, so a general description of the best 
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known niacliinciy at present used will doubtless suffice. 
It inu.st be explained here, however, that in clinker grind¬ 
ing, not only is it necessary that a certHin degree of fine¬ 
ness he attained to make a satisfactory quality cement, 
but also that as large a proportion of “'flour” vs {ws- 
sible .shall be eontained iii the finished product. 

The first stage in the reduction of the clinker from the 
kilns is generally carried out by an oivlinary stone* 
breaker or jaw crusher, which reduces the large lumps 
from the kilns to the .sir," of about one inch cube, and 
from this crusher'tlie clinker is conveyed to the fine grind¬ 
ing jdant. • 

In the case of clinker from the rotary kiln the pre¬ 
liminary crushing is sometimes dispensed with, as in this 
case the clinker, when issuing from the kilns, is generally 
in the form of small rounded balls. In the event, how- 
' ever, of large lumps of clinker coming from the rotary 
kiln, crushing rolls are generally iirovidi'd to do the 
.same work as is carried out by the stonc-cru.sher in the 
case of clinker from other kilns. 

Until about twenty years ago the clinker grinding plant 
invariably consisted of millstones, but a.s the require¬ 
ments of cement users became more stringent with regard 
to the fineness of the powder, so more economical and 
more efficient means have had to be provided, and these 
have resulted in the designing of new machinery for grind¬ 
ing the. clinker into cement. 

■There is little doubt that the grinding of cement by mill¬ 
stones in ages past required a consideraide amoilnt of care 
and watchfulness, which, if neglected, added cnaterially 
to the cost of manufacture, and it has been held that the 
i-ementitious quality of Portland cement ground by mill¬ 
stones was gener.iily superior to the eement ground by- 
other machinery, the stones being supposed to produce an 
angular rough grain; but upon examining the different 
samples of cement ground by various methods, it is ob¬ 
served that the difference, if any, in the shape of the grains 
is very slight indeed. The millstone for cement grinding 
is now, therefore, obsolete. 

The rpiestion has often been raised as to whether or not 
certain systems of clinker reduction produced sufficient 
flour in file finished product, and in tins respect it should 




INC Batterv 01 ‘ GRijrix " Mills. 









104 


CLINKEK GRINDING 


bfi mentioned that some svstems liave methods of oru>h> 
intf and otliers of ^rlndlnf, and tliele is a noticeable 
dilTcrence to the touch in the two products—the crushed 
prtxhict hcin}; loss “ vclvetv tlupi that from a tube or 
similar mill. This is accounted for in tht" opt>ration.of tube 
mills by a slow nibhiiifj'and ro1lih« down of the cepient. 
just as nature rolls and rubs down the line sand fotttid in 
sea and river beds, fn the crusliiti}; methhd of reduction. 
howe\er, the |iiiiticles are hrliketi into the nio.st mitmte 
form, hut even in,its 1ini(hed state the )iroduct is sharp. 



Veiitical Section of Ball Mill. 


clean and natural, the fracture exjiosinj; ii nascent surface 
often clietnically considered the best slitipc for reaction, 
hut as to the practical results from the same cements 
ground by dilVerent proces.ses to the same degrees of tiue- 
ness the usual physical tests show, perhaps, one product 
to he as ellicient as another. 

In the better eipiipped and more modern works the pre¬ 
liminary grinding of cemei^t clinker is carried out by the 
ball mill charged with heavy steel balls, and from this 
mill the coarsely ground material is conducted to a tube 
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mill containin^r flintstoncs. wliicli (inislies tlie fine ^rind- 
iii}', previous to s^orinp tlie eement. 


Tlie baH mill consists of a short cylimlrical flnim, lined 
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with overlapping steel plates. The drum is mounted on 
and revolved by a steel shaft, wHieh runs through it. 

The drum contains steel-balls from 5 inches to ‘2 infclie.s 
in diameter, and the material fedr to the mill is crushed 
and partly ground by injpact. , " * 

When the.Aateriai is‘reduced to a certain size it passes 
through'slots or holes in the lining plates to a sieve sur¬ 
rounding the drum, which retains the cparser portion and 
returns it to the drum, and allows the liner ixtrtion to pass 
out of the mill. ,. i 

For the finishing process—the fjne grinding ‘propel'— 
the tube mill is employed, tthich grinds by means of the 
rimnd flint pehhlep or small balls contained within it. 

The tube mill consists of a long wrought-iron revolving 
cylinder, carried on hollow trunnions at both the feed and 
delivery ends, and is about one-half full of rounded flint- 
stones. The coarsely-ground cement is fed from the hall 
mill into one end of the tube mill, and the rotary action of 
this mill, similarly to the hall mill, finely luilverises the 
cement as it passes through the falling flint-stones to the 
delivery end. 

The finished cement is ground siifticicntly line to pass 
through a 7(i hy 7(5 mesh sieve with under 1 [ler cent, 
residue, or 10 jier cent, residue on a M) by 180 sieve, and 
although finer grinding is rarely demanded by tho trade, 
it can he readily aeconiplished hy the manufacturer tif 
necessary) at the exjiense of a reduced output from the 
itiills. , 

fn describing the tube mill, attention should he directed 
to the sketch of this mill. ' 

Fig. 1 is a longitudinal section of a tube mill. Fig. 2 
a jilan of the mill, h’ig. 3 a cross section of the drum. Fig. 
4 a view of the feeding end, and Fig. 3 a view of the dis¬ 
charge end of the mill. ‘I'he drum varies in size, the one 
illustrated having an interior diameter offeet llj inches, 
an interior length of It! feet .'5 inches, and revolving at the 
rate of 29 revolutions per minute. The drum consists of 
iron or steel plates half an inch thick, has cast steel ends, 
and is lined with hard cast-iron plates. The grinding balls 
or flinf-stones are introduhed through a manhole, whilst 
the material to he crushed is fed an4 discharged through 
the hollow' trunnion cast together with, the end walls. The 
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material passes first of all into a hopper a, in which a 
studded shaft rotates. .A longitudinally‘grooved drum b 
rcpilatfs the fiujiply of material. , 

^'ll<■ (Irmii is rotated hy t(H)th«d wheel gearing and 
a [)aii of five-step piiUevs at dilfereiit sm-ed*, and 
eoiitaiMs a f^w halls, wliicli .serve to shake the dfiiin, 
and thereby ensure the emptying of its grooves. The 
material supplied is conveyed hv a. screw or worm 
into the hollow trunnion oip Ihe lelt .side, Fi». ], and 
then passes in ,tlie previously descrihed manner’ into 
the arum, throujih tlie latter and througJi the grating i* 
into the outlef trunnion on the right side. The'inlet trun- 
nion on the left _ side has blades which prevent the 
nails or stones fioni dropping out. The grating 



♦ 

c^ IS provided with slots of ahoiit one inch in diameter 
J he material passes therefrom into a. hopper <1 attached to 
the trunnion. .\ perforated screen is eonnei'ted to the 
hopjier. The slots ol the screen are ‘i-lt'i inches in width 
and l.i-ll! inches in length; they permit the sulficiently 
pulverised material to drop through whilst ^ery hard [lar- 
tieles which are not enished, and s|)linfers of the flint- 
stone halls, are retained anil subsequently droji out on the 
right side. Fig. 1. The sieve is enclosed by a casing, out 
of whieh the air is drawn hy means of the pipe r, so that 
air enters tdl periiieahle parts, thereby preventing the exit 
of dust. A' great advantage of the mills in which the 
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material is fed and discliar<red throii<rli the hollow trun¬ 
nions of the drum, consists in the facility of renderin}; the 
sain* free from dust. If, however, the discharge of the 
material is effected thrcingh slots in the dnmi casing near 



to the rear end, a coiii|iaratively tight closuri' is not |>os- 
sihle, and the continemenl of dust cannot he guaranteed 
hv the suction of air. 


The above de 
results : — 

serihed mill will 

pnxliUT 

' tlu' 

following 

Malt-rial 

I'leliiiiinaiA 

j ('nJMhill^ 

1 i'orii'HfMMidin^' 

Output . 

D-0 
^ 1 

upfin Sievet* 

NO 


to Sie\Ai 

1I>H. 

IKO 

MO 

Raw hinu-^tom* 


T.l.'iO 

2<i ' 

0.75 

Ditto, another kind 

‘Mi :i(i 

7.TtM) 

20 

1 

Ditto, anothf-r kind 

■|0 / Mi 

7.«K) 

Is 

1 1.5 

IViiient clinker 

.V) ."it) ' 

' O..700 , 

14 

1 0.2 

Ditto, another kind 

30 A.^) 

•VitK) 1 

M 

1 ii.a 

IKtto, another kind 

30/30 

7.700 

2.'. 

' i..'> 


These tube mills are nwde with a diameter of 3 ft. 12 in. 
to () ft. oj‘ more, and a length of 13 ti ■2(i''ft. 'I'lieir 
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efficiency (]e|»'ii(ls to »large extent on tlie kind of material 
treated and the degree of fineness desired and of course 
also on the initial size of grain, which is obtained bypre- 
liniinary ertishing. 



Griffin " Miu Arranoed for Urv Fulverisinr. 


(irimling mills also adaptable for use with clinker from 
the rotary kilns are the '' tirittin " mills and Edison rolls 
—^Dow often used in American works—and the ■' Komi- 
Dor ” ifiill, similar to the Hall mill. 

, The Griffin mill takes the product as it comes direct 
from the rhtary kiln, and the pulvejising is done in one 
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operation, and is discharged from the mill in the form of 
a finished product witliout the aid of an^ auxiliary sifting 
or separating device. This mill is an American invention 
that has also found much favour ,'n modern factories in 
Kiiglaiid. A heavy steel roller is attached to the 'bottom 
of a steel shafct which is*provided*at its upper end \\itli a 
hall and socket joint. When the shaft is given a gyratory 
(notion, tile roller presses hy centrifugal fhrce against the 
inside surface of a heavy sJeM ring where the grinding 
takes jilace. The, rnaterii^l which drops below the roller 
is thrown up aga'in hy steel blades that are al.so httached 
to the shaft,'and when finally of Sufficient fineness the 
powder e.scat)es through sieves above the ring into a hopi)er 
below the null. I'Voin here the finished product is auto¬ 
matically conveyed to the cement stores. 

The Edison system of reducing cement clinker is that 
* of a maximum of cru.shing with a- niinitnum of grinding, 
and pnaluces a very even product. The reduction is 
ell'eeted by rolls having corr((gated crushing surfaces, 
which never touch in the act of crushing, a rather thick 
streani of material being passed through. These rolls run 
at a high peripheral speed, under great pressure, and .are, 
so arranged that the pressure can he changed when run- 
inng, without altering the distance apart of the rolls, or 
the rolls may lie set up to allow for wear of crushing .sur¬ 
faces, without altering the firossiire. The crushing plates 
are of chilled cast-iron, and renewals are said to cost very 
little in the case of grinding cetneid iiroduccd from rotary 
kiln clinker. * » 

The cement clinker in a size which will, pas’s through 
a 4 -in. mesh screen is fed to the rolls, and after passing 
through them is carried in front of a series of blowers. 
Here the cement which is reduced to the requisite fineness 
is lilown out iind collected in settling chambers, whilst the 
coarser material is returned to meet the incoming clinker, 
and is again )iassed through the rolls. The capacity of 
this system is very great. A number of sets are now run¬ 
ning each 1)0 inches in diameter by 8 inches width of 
crushing face, and producing from rotarv kiln clinker 100 
barrels tO barrels to the ton>per hour of finished cement, of 
which 8") per cent, will pass through a 200 by 200 mesh 
screen, with a claimed consumption of poweri of about 
10 h.p. hours jier ton. 
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The illustration on jiagi' 1(11 is that of a self-eontainoil 
set of rolls on tliTs system. s|H'cially ilesifined lor a small 
oMt|jiit. These rolls will rediiee eement elinker to siieli a 
fineness that il'i |H'I' e«n1. will pass thron}>h a '2(1(1 mesh 
seieen * 111(11 lidle'inerease in ]iow'er. 



KoMlNOIt " Mii.l K>J{ (jIuiniuno Ckaiunt. 

Thu Kominor mill is a. (hwelopment of (he hall mill, 
as a eoar.si' {'liniler, lint both the (Irillin and I’idisoii mill.s 
eomhine (lie eriisliinff aetion of the halls with the 
'■ floiirinf;''’ aetmif of the tiihe mill. 

The fineiifss to whieh a. eement is ^iroimd determines 
ehiefly its usefulness for eonstriietional purpo.ses; for when 
a. finer eement is mi.\ed wKh the a^prepate to he used in 
eonerete it fjives a higher average strength than that mixed 
with a eoar.ser-gronnd eement. A finene.ss of ahoiit ‘.10 per 
eent. ])assing a 180 by 180 niesli sieve is generally attained 
in modern praetice. There is, of course, a point hejcaid 
whieh it is not economical to earr\ the fine pulverising 
of cement, since the same result can he obtained by using 
slightly richer mixtures on the work, hut what this jioint 
is must be determined by experience. 

The (lualities of cement as regards tests of grinding are. 
however, pealt with in another chapter. 
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The Mode of Operatioo in'clinker grinding by ball 
inilla, and /K'rliaps especially in tube rnclls, has been ex¬ 
plained by i-ecenl investigations carried o\it by the plant 
makc’rs anil relativa; particularly to the tube mill. F^r a 
nuiuber of years )iast, ex|>erts liafe in .vain endesjvoured 
to e.xidain |)repisely the ciTect of t'lie ojjeralion of grinding 
by these Jiia/t'hines, and this matter has Ijeen ehici'dated 
by the following description of the vvorking.and nicclianical 
elforls of such plants 

The o|)eration of clinkeg grinding by ball and tube mills 
is carried out in'a closed receptacle; the only visible evi¬ 
dence of tbe'uca'k accouiplisbcd being the iiuauiiing and 
outgoing material. .\.s for the rest, one must resort to 
reflection, /'.c., to'a compari.son with known operations, 
which arc deemed to be analogous to the o)a*ration in 
(juestion. 

Con.seipienlly, s|«’ciahsls have been of the opinion that 
in the wise of the tube mill for in.stance the flints roll on 
the slope, of the contents of the drum and shift in the bulk 
of the material to be crushed, thus crushing the latter 
between the flints and the drum, while the material passes 
from the feed to the discharge end of the drum, as the 
o|)eniug at the feed end is higher than at the discharge 
end. ... 

Recent ex|aMimcnts have now rendered it possible to 
observe the operation in the interior of the drum. These 
ohsenations give the result that the hitherto generally 
acknowledged opinion is fundamentally wrong, tlial espe¬ 
cially the tube mill d(X's not appreciably^gpnd the materigJ 
either on the .sIo|k^ or in the interior of tiie-bulk, but 
crushes the material by impict or a so-called inclined 
beating action, and that a higher position of the feed 
oiiening as comi>ared with the discharge opening is of no 
imixirtance for conveying the material. 

For the purpose of the experiments in question, a drum 
chiefly consisting of glass was used, and then a larger one 
was constructed in w’hich the inspection of the interior of 
the drum was rendered possible by an interchangeable 
grating, and finally a drum of 39? in. interior diameter, 
constructed similarly to the latter drum, was used for the 
experiments. The drum was first operated without 
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nuiterial and then with hiateriiil of different kmds which 
wonld not pive offtduHt, at varving speeds of rotation. 

1 he discharge end of the drum, dtljj in. in diameter, was 
onl.\ closed hv a wire plating. Figs. 1 and -2, so that the 
interioivjf the <lnnn was elearl\ visilile. The drum con¬ 
tained^ onlv rounded steet halls ol'.flint-stoiK* of alxmt 2iJ 
in. in diameter. The lieight of arch of’this, charge 
was ahoul ITf^in. when the drmii was in* a state 
of rest. Tile drum was then turned slowly h\ hand 
until a lew halls or stones heg.ln to mo\i’ on the surface of 
the hulb l-'ig. h showing halls, rcprd.'^'iits this stage. 
'J hen the dftini was si»t in operation. 



I'KI. I— .'l!l!l IN. IlIAM, |{iailNNIN<i OF UoTATION. 

.\t a. rate ol 21 and 2d.i resolutions per minute, 
the halls rolled rather slowK down the slojie and 
the height of the hulk increased a little. As the speed 
increased to 2H. 30 and 32 revolutions per minute, the 
motion on the Iree side of the hulk hecaine more lively 
and a more and more \isihle looseness tiKik jilace : the 
height ol the hulk increased to ahoul 2K,’ in. Fig 2 is an 
instantaneous view of the o|)eration when the drum was 
revolving at 32 revolutions per niimite. The balls'which 
are in contact with the drum below and on the ^ascending 
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Bide, art; airried along without changing their position 
relatively to the wall of the drum, uVitil they separate 
therefrom at a certain height and doscrihe a somewhat 
disliiicl curve of pivtjcction. The hiills or flints located 
fjirlhcr inwards also do not change their |K)sition-with re¬ 
gard to the (Imiiii when Useending, hut a curve of proioetion 
IS hardly (lereeptihle on the descending side. 

As the s|)ccd increased to .‘to revtiliilions per minute, the 
contents ot the drum were still iiiori’ loosened, so that the 
height increased to doi; ip. The curve of projection of the 
halls which werh raised when in contact with t!ie drum, 
was eleai'lv visible, and also the halls farther inward 



l''lll. g—ailil IS, elVM. .'#i UKV01.IIT10.Na ckk Mixitk. 

separated in layers. On the ascending side, ahoiit 7; in. 
from the wall of the drum, a few halls rolled in 
a hollow space ot oval cross-section without iuter- 
mingling with those moving farther outwards. The hollow 
spaces hetween the several layers on the descending side 
were, rather clear and visible throughout, whilst on the 
ascending side the layers were arranged closely niion each 
other. Figs Ji and I are instantaneous views obtained 
with a drum 11 ” in. in diameter, and revolving at 
rates of .ad and (ill revolutions per minute. A eom|>ari.son 
of both illustrations clearly shows how the looseness of the 
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contents of the drunj increases with tlie speed. If the 
speed of rotation ite still somewhat increased, the balls will 
fornj a solid rinp revolving with the drum. A shifting of 
the halls is not jierceiaible. Fig. H is uii instantaneous 
view ofsthe interior of the drum, :)93 in. in ilianieter, when 
revolyng at a s|)eod of 35 revoliftions per nsinnte. 

A large (luantity of material ]iroducing no (fust was now 
thrown into thiSdnnn. The material moved in the same 
manner as the halls, as wait anticipated, then entered the 
hollow sisiccs hetween the nal^s and ascended and de- 
8cended*vvith the latter. 



FlC. .'J—IN. lUAM. wi UtVm.UTIONK I’KII MiNDTB. 

A ditl'erenee was only notieeahle m so far as the pre¬ 
cipitated layers were less sliarpK demarcated and the 
particles of material were sjmrti'd laterally, especially at 
that s|s)t which was hit ht the mi.xture rushing dotyn 
like a water-jot. Hardiv any material was noticed in 
the eontracted oval hollow .space. 

It has already heen slated that a sliding or rolling motion 
hetween the halls, or ladween the halls and material, (hx's 
not take place except at the striking |K)int and in the oval- 
shaped hollow space. Since the latter is almost free from 
material, j|. crushing action—at least one of aey imfxirt- 

M 





178 


CLINKER GRINDING 


anc&—can only take place at the striking point, where the 
falling balls are violently forced upon the’material located 
between them and the balls which have been previously 
operating. The former substitute the shoes of stamps 
and the latter act as a substitute for th^ dies of a>stamp 
battery. The crushing is effected t)y stamping or beating. 
The action, however, differs from tliat in stamp batteries 
in so far ns the horizontal motion of the falling balls is 
opposite to that of the balls revolving with the drum. 



Fia. 4.—llf;; i.s. IIIA.M. (i(i Kkvou'tio.ns rbn Misvtk. 

• 

In Fig. C the euiae of jaojection of the balls is shown 
as ascertained by calcidatioii. Jt is assumed that the 
drum, 302 in. in diameter, revolves at the rate of 31 revo¬ 
lutions per minute and derangements caused by atmos¬ 
pheric resistance, neighbouring halls and material are not 
Uke.n into consideration. ball situated on the wall of 
the. drum is separated therefrom as s(K)n as the component 
of gravitation which is directed towards the centre of the 
drum, i.e., wg sin ip, has become equivalent to the centri¬ 
fugal force; the' hall then moves in a line of projec¬ 
tion according to the equation :— 

_ ons,/. ■ _ g ' 
sin i(i ^ sin*^ 
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This is line Fig. 6. The perpendicular 

velocity of the ball retards until it becomes zero in the 
vertex At of the line of projection; consequently, the 
velocity in the direction of the path of projection will also 
be retsrued, and the halLs whi^-h were situated at some 
distance apart from each other on the*druni casing 
approach one another. • 

The balls located on tin* wall arc* represented in the 
figure at such a distance apiwt that they touch each other 



fio, Q.—.'lilj DIAM. aa KEVOUITIONS I'EIl MlNUTE. 

in the vertqx .fi. It thus follows that the material be¬ 
tween the halls is partly forced aside and that the balls, 
ii arranged on the drum at a less distance ajiart from each 
other, would knock against one. another and affect their 
speed. The shape of the j)ath of jirojection would thereby 
be altered. 

When a hall has reiwdied the vertex .'1|. without such 
derangement, it moves along the. jiath of projection at an 
increasing sjieed, so that the distance between two neigh¬ 
bouring halls increases as shown in the figure, which 
corresponds to an accurate caJcul.'ition. • 

A second layer of halls begins its path of projection at 
the point,B, a third at the point C, &c. These paths of 
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projection are not so exact as A, Ai, Ai, bemuse the balls, 
when moving with the drum are locatefl in circles with 
less definite radii. As already stated, the current of 
material and balls following the path A, At, At, could, how¬ 
ever, be very clearly distin^ished from the cunent follow¬ 
ing the path,E, Bi, Bi,'during the experiments, so,that 



Fio. C.—View OP iHP, CunvE op 1’iiojection op the Balm 
IN THE Tube M11.1,. 


it was possible to look between the same. The hollow 
spaces between other currents varied in size and clearness. 
The previously mentioned oval-shaped hollow space D 
changed its shape constantly as some balls were regularly 
moving therein. 

There is no reason for the material to move differently 
to the l;.ills, when it is not pushed aside by the latter. 

Since balls and material, up to the starting points A, 
B, C, of the paths of projection rest with, regard to 
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tlie drum, a grioding action can only take place beyond 
these f)oints. Tlie decrease of sjwed between A and At, 
&c», however, is so small that up to the vertices 
Ai, B„ &c., apj)reci*b!e crushing cannot be expected. 
From\he vertices to ttje strikiug |>oints /!«, Bt, Ac., the 
current lengtliens, and crushing is iin|K)ssiWe along these 
[Mths. Only ^dien a downward rushing ball id), Fig. 7 
drops upon the material, supported by a previously 
operating ball th) or direeWy by the drum casing, the 
material will be smashed and,*as tbe*aupporting surface 



moves transversely to the direction of the projection, at 
the same time triturated. 

Owing to the force of the strokes, the balls located near 
to the striking point will undergo a certain displacement, 
which, however, can hardly produce a crushing action of 
any importance. 

• • 

The crushing action thus de^nds on the height 
of fall o^ the balls— i.f., on the height of the vertex of 
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the path of projectirai over that point wheje the balls strike, 
on the speed of the drum, and on the weight and the 
number of balls. The speed of the drum must b6 so 
chosen that the paths of projection'can be well developed. 
Weight of balls and heif^t of thfir fall' supplemeit each 
other in so f»f as they are factors of a product. Harder 
material rpiiuires heavier balls or a greater height of fall 
than softer material, and stegl balls can have the same 
(“fliciency in smaller drums af flint-stones in larger drums. 
The larger the .(juantitv of balls acting on a, certain 
quantity of rnaterial, the better thq trashing/ If more 


- ^ 



FlO. 8. 

material of the same kind is to be cTushed 'io the same 
degree of fineness within a certain period, the quantity of 
balls—and tonBeqiieutly the length of the drum—may be 
greater. The respective numerical values can only be 
obtained on the basis of extensive experiments. 

In the further course of the experiments, the discharge 
end of the drum—^h'ig. 8 left side—was closed by means 
of a sheet-metal bottom (end wall), having in its centre 
a treilised opening of in. in diameter. To the feed-end 
wall was fitted a hollow cone r of sheet-metal—Fig. 8, 
right side. The opening of this cone on the drum side— 
19]' in. in diameter—was treilised and partly covered by 
an immovable plate e secured to t^e machine'frame, as 
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represented in Fig. 9. The material was now introduced 
through a manhole in order to quickly obtain the middle 
charge, and then the drum was set in operation at the rate 
of 32 revolutions {lef minute. .\ further quantity of 
material wa.s thrown ipto the niill by liand-shovels. Tt 
wasceiidily taken thrmigh the free oi)enin{f pf the grating, 
so that each ^shovelful rapidly vanished. Or\ the mitlet 
side, the material was discharged thnuigh the meshes of 
the grating, conformably ‘t(i the curve of the projection. 
The discliarge of the material* thus tg(jk place at a con- 
sideralJly higher IcviJ tlian the feed opening. 



Conseipiently, tlie progressi\c motion of the material 
from tlie feetl end to the discharge end—wliich is required 
by the tube mills—does not depend on a difference of 
height between inlet and outlet opening: there is no 
need to have the inlet opening jtlaced higher than the out¬ 
let opening. It is only necessary that the inlet opening is 
provided at that ])hu'e where the contents of the drum are 
loose enough to receive the material, or where the drum 
is empty, and that the moving contents of the drum pass 
by the outlet oiiening. The drum acts .like an elevator, it 
lifts the halls and material innumerahlc times to a con¬ 
siderably height. In view of the sum of thesp risings, not 
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even the greatest possible difference in height between 
inlet and outlet end would be of any influence. An 
accumulation of the material cannot take place, because 
material and balls, inasmuch as they move with regard to 
the drum, form a very ^loose mixture,'which reidily re¬ 
ceives the rijifceria]. ' »' 

Now by what means is the material compelled to pass 
through the drum? That material upon which a falling 
ball drops, will considerably opurt on all sides and be taken 
up by the iieighjieuriiig kollow space>. If much material 
is located on the point of stroke, piuch material will be 
distributed Iherefroni, otherwise there is little effect. 
Consequently, thpse parts of the contents of the drum, 
which are richer in material, deliver more material than 
is returned by the parts poorer in material, whereby the 
pro|K)rtions of the mivliiie are e(|uali.sed. Owing to the 
great degree of vivacity at which the contents of the drum 
rise and fall—it was observed that some halls passed over 
their path twice during one revolution of the drum—this 
equalisation takes place vcr\ rapidU. At the discharge 
end, the material which spurts aside [lasses through the 
meshes of the latticed opening, whilst the halls are re¬ 
tained. Thus, on this side, the mixture will he imorer in 
grinding material, so that the said e<pialisation is directed 
hither. 

In another trial, the feed-end wall with the conical 
attacliment c, the grating and the screen c were removed 
and replaced by another end wall wltpse conical attach¬ 
ment was 13“ in. in diameter, and prl>vided with two 
helical blades. These blades revolve with tli'e dmm, and 
art' so shapetl that they prevent the halls from being thrown 
out of the mill, without impeding the discharge of the 
material. The phenomena did not unilergo any appreci¬ 
able change and no accumidation was noticed. The 
ex|X!riinent, however, enabled a gottd view through the 
entire length of the drum, as the gaps between the helical 
blades permitted the light of an eleetric incandescent 
lamp to penetrate, and which sufficiently illuminated 
the interior of the drum. T( was thus imssihle to look from 
the discharge end of the drum through the hollow .spaces 
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between the falling layeiis and also partly beyond the fall¬ 
ing material. • 

Ffoin these observations it apiwars that the grinding 
operation in a tnbe-niiy is related to impact action which 
naturally dei)endsf upon the weight of individual grinding 
bodie; and the jMitli tlie;^ travel: Itut from la4|r experience 
it is also true that the surface action of grinding media 
must not he igflored in the imwle of oiwration m clinker 
grinding. 
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Power and Facto^ Efficiency, 

CHAPTEB XIV. 


Having now completed a‘detailed description of the' 
various processes connected witli the manufacture of 
cement and of'the plant commonly used in^tlte various 
department! enumerated, it is nece&ary to briefly describe 
the motive power for cement factories, and to consider 
finally the circulnstances under which efficiency in pro¬ 
duction can best be secured in the co-ordination of the 
work of supervising factory running. 

Motive Power. —It is unnecessary to dilate at length 
upon the power plants employed in cement factories, as 
this is a subject common to all industrial plants, and 
since there is no particular power generating jdant especi¬ 
ally applicable to cement factories, no attempt is made 
to inge one process of a subject of common knowledge in 
preference to others. 

It might, however, be stated that a safe unit of motive 
power to adopt in cement works is two-liorse power per 
ton of weekly outi)ut reckoned upon continuous night and 
day running and varying with the materials dealt with 
and the plant and process em|)loyed, viz. :—^Weekly out¬ 
put x2=total I.H.r. required. Tlfts .as a'rule would 
leave a margin for contingencies. < 

Whether an up-to-date steam generating plant with 
vertical or horizontal steam engines with direct or with 
electrical transmission be adopted, or gas plants with or 
without bye-product recovery, or whether plant of the 
turbo-alternator tyjie is used, this is a department of the 
manufacture which is usually left to the discrimination, 
experience, and personal views of the cement maker in 
settling the layout of his own piu-ticular factory. Due 
regard must of course be paid to economy in installation, 
cost per h.p. hour, and mare than either, perhaps, loss of 
output due to stoppage for adjustment and repairs with 
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plants that are very heavily worked, in night and day run¬ 
ning, under condifSons which are abnormal in regard to the 
dust^ and gritty atmosphere arising from cement manu¬ 
facture. ( 

1 All of the abcfve methods of power generation are 
adopted to-day in cement manufaiture—cxca()t j)erhap8 in 
the detail of bye-product recovery with gas plants—and 
each has its particular adherent and entlnisiast.'but since 
so much can be written updr^a subject of tliis description 
and which, jx-rhaps, after all js one ^f exiiediency and 
personal*exj)ericnce and opinion—applyin'g similarly to all 
commercial undertakings requiring mechanical jxiwer—it 
is not proposed to enlarge upon this subject. 


In regard to the broader issue of factory control, it 
should be added that the recording of elliciency in engines 
and machines has long received constant attention, but a 
deeper and still more important jihasc is the productive 
efficiency in manufacturing operations generally. 

In any manufacturing industry the same principles of 
efficiency can be discerned as those pertaining to any 
engine or mechanism, but for this purpose the whole works 
must be conceived of as one machine, into which the raw 
m.aterial is entering at one end and from which the finished 
product is.flowinf^ at the other end. .Ml the various 
machines, processes, and dejiartments are but the wheels, 
Knks, and glaring of this one machine, and e.ach should 
therefore he considered as a part tlii-reof, and not us an 
independent unit, if high elhciencv of the whole is to be 
attained. 

In ail classes of manufacture instances may be seen 
daily of one department, or even one machine cramping 
and reducing the out])iit of the whole, plant, and thus 
lowering its [iroductive efficiency, in exactly the same 
manner as the efficiency of any engine or motor may be 
lowered through the bad design or workmanship of one 
part. “ 

The problem of discovering and measuring the various 
obstructioBB, resistances, and other sources of loss which 
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lie hidden in all manufacturing processes is a most im¬ 
portant one. In every industry there* is a primary unit 
of measurement, which if carefully selected and applied, 
will prove of the greatest assistence in effective factory 
control. This unit for the measurement oS works* 
efficiency isithe ideal p'utput capacity of the dominating 
machine or department in that particular industry, to- 
gether \vitli the total capacity of the “factory. By its. 
employment the obstruction “of the flow of work to and 
from the particular plan} may be traced and measured. 

The preparatfoD of curves for the recording,of tlaily out¬ 
puts from eich section of the factory will provide a weekly 
summary of results from which a monthly and annual 
diagram can be “readily prepared, thereby allowing at a 
glance a clear history of factory running and the causes 
of erratic output. 

The ideal output capacity is adopted as the unit of 
measurement in order to obtain a measure which will not 
require altering from time to time, but will remain 
definitely fixed for long [leriods if not permanently. Its 
adoption does not connote the desirability or even the 
possibility of raising the works output to Ibis standard of 
perfection, since, even if that were possible, the cost might 
exceed the gain. If the unit of measurement be called 
100 per cent, the output of other departments (or 
machines) can be compared with it, when it may be found 
that sections such as quarrying, raw milling, burning and 
grinding, are individually giving resijlts egui^l to 50, GO, 
70 and 80 per cent, efficiency. The dominating depart¬ 
ment could easily produce, say, 90 per cenh if given the 
opportunity, but is throttled down by certain sections 
shown by the curve. 

Por instance, the summary curve may show that depart¬ 
ments, say 1 and 2, are restricting and hampering the 
flow of work for all the rest of the plant, and that it is 
only by means of extra trouble and exertion that the work 
can be forced through these two at anything approaching 
the capacity of the rest of the plant. If suitable improve¬ 
ments may be made by which their capacities are raised 
to, say*, 80 |ier cent.. befttr, though not entirely satisfac¬ 
tory, results are obtained. Further attention to the 
weaker lifiks may finally bring Ih^ whole plant op to a 
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uniform and harmonious rate of efficiency, but before the 
ideal 100 per cent? could be reached there would come a 
pomV beyond which it would not pay to go. This point 
can be decided only bytcareful attention, but is lower or 
, higher according 1!b skilly in management. 

In %)me cases special care is nfessary in'^lecting the 
unit of measurement, so that it will satisfactorily cover 
and include all departments. The donunating depart¬ 
ment in cement factories, the requirements of which govern 
the output of all the other depart^ients, aitid towards which 
the prodfict.of each of these flows, sliould'be and probably 
is the kiln plant. Its output capacity, as‘it would be 
under perfect conditions of supply of the^needful material, 
is therefore taken a.s tlie unit of measurement, and the 
actual average output of all the other departments is 
gauged by this staudard. ,‘\s soon as this is done it will 
probably be found that some department is specially 
culpable in holding back output. 

The total output depends upon the running of a 
number of different sections of the plant, thus making 
it easy to see the cause of delay. The underlying 
principles hold good not only for a whole factory, but 
equally so for its departments. The ideal output 
tiapacity of the department at fault may thus be used 
as a measure of efficiency for the various machines 
wliich are working parls, and thus the deficiency may 
finally be traced to the faulty mechanism, design, or 
system of handling responsible. In fact, this is what is 
actually being d(yie*everv day—more or less subconsciously 
perhaps—by •every capable works manager. 

It is not Bugge.sted that every department should be 
brought up to one inflexible standard of output, even were 
this possible. It is often wise to have considerable elas¬ 
ticity in the capacity of a department by means of efficient 
and economical storage to provide against breakdowns, 
but no plant should be kept normally running at a low 
output solely on account of its fwssessing one weak link, 
when the remedying of that one defect would both in¬ 
crease and cheapen the rate of output. 

Output alone does not constitute efficiency, ■ but it 
reduces costs, and where there are several different 
machines, •processes, or departments dependent upon one 
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another, then the low output of any one of them will 
lower the productive eOicienc^ of the plant as a whole 
no jiiatter how excellent the individual eflicieucy of'eaeh 
Bejjaratc item may be. ♦ 

It is surjirisiu^' how often resistance and obstruction ‘ 
to the flow of work are ‘due to some comparatively toifling 
cause. 'A common source, of hindrance is the placing of 
plant in jiositions relatively unsuitable, so that the 
material dealt with by tbeei re(niires much unnecessary 
handling and also gets ii: the wa\ of other ellicicncy. It 
is specially objectionable for work to bo brought back 
against the outgoing stream, thus checking the flow of the 
freshly advancing'mateiial. So iio|Kirtant is the relative 
position of one machine to another now realised to be that 
inanufaclurcrs must give .sjiccial study to the planning out 
u|K)n a hoard of these respective positions hetore agreeing 
ujion a final lay-out. 

The ideal system is, of course, such that the material 
goes on from machine to machine, or from process to pro¬ 
cess, without hiiviiig to turn back upon or in any way 
obstruct that which is following. In some classes of work 
thiscourst' would follow a, straight line while in others a 
zigzag path would better satisfv the rei|uircments, each 
dillcrcnl [iroccss having its own peculiarities. 

A frecpient source of inelliciency is the running of any 
process intermittently instead of continuously. This 
factor is often neglected or not considered of much im- 
portiuice. 

It is impossible to make .suggestiousi lor the infinite 
variety of plants in handling or conveying'the material 
which occurs hetw'een machine and machine or process 
and process, hut whether the material he heavy or light, 
hard or soft, wet or dry, the same principles hold good, 
and the same im])ortance attaches to seeing that the mere 
handling is not setting up a back-pressure to the flow of 
work, aiid tluis lowering the efficiency of the whole factory, 

A daily or weekly curve record of defective working and 
of stoppages and breakdowns would prove of great help 
towards tracing the inefficiencies and weaknesses of any 
section of the plant. It would often be found that some 
little fault, defect, or stoppage. \ery trifling m itself, was 
being repeated over and over agai^ from daji to day or 
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even from hour to hour until it became multiplied into a 
figure of serious import. 

An efficiency diagram might be plotted from day to day 
in each dei)artment, sbo^iug the l>euelits of improvements 
made and indicating the units still requiring attention. 
"These diagrams could \tith adMmtage be 4 >repared by 
works ’managers, where they would show ifl a. glance 
the exact departments or processes mo.--t in ‘need of 
* attention in regard either to costs oi to el'liciencv. 

The curves are applicable nof merely to new works speci¬ 
ally planned and laid out in accortlancc w’itli best practice. 
However old u plant tnay be the same prim'i))les apply 
equally well, and in many cases all that is necessary to 
attain good results ma\ lie a few allcrfliions of relative 
positions of maebines, conveyors or elevators and the pro¬ 
vision of means for giving the plant free op)M)rtunity to 
work. 

\ plant with machines or departments of only moderate, 
but uniform, individual ellicieiii'y so arranged that a mini¬ 
mum of resistance is olTeri'd to the flow of work, is jire- 
ferablc to a (ilanl with machinerv of high efficiency but 
badly arranged. In the former case the whole }ilant can 
be worked smcHitldy at the highest efficiency its machinery 
will give, while leaving the management time and energy 
to raise the efficiency higher still; but in the latter case 
the high efficiency of tlie machinery i.s not allowed to 
dis)ilay itself, but is hampered and wasti'd by the bad 
relative arrangement of de[)arlments or machines, while 
the energy ifnd ayerttion of the sl.alT are consumed in over¬ 
coming tlie in/ernal resistances which oji[)os(> the course of 
the products at every step. 



Chemical Analysis. 

CHAPTER XV. 

The ohemioal analyBis oi cements, if taken in conjunc¬ 
tion with the inochanical and physical tests, affords much 
desirable information in the selection of a good quality 
material; indeed, it is almost necessary that both the 
chemical and mechanical examination of a cement should 
be made before the jKJsitive pronouncement of quality can 
be given, and when both have been ascertained, the suita¬ 
bility and efficiency of a cement for any given purpose Ciin 
be at once accurately determined. 

As to the progress which has been made in recent years 
in the testing of cements, it is clear.that there has been 
a substantial imf)rovement in the application of well- 
known processes, such as the mechanical and chemical 
modes of evaluation, but there has been little alteration 
in essence. 

For example, there has been no successful attempt to 
appraise cement from its proximate composition, although 
that is the natural and right method of deciding its quality. 
The most j^essing and practical of all the questions 
relating to the composition of cement is t]ie determination 
of what is called “ free lime,” and many have been the 
prescriptions put forward for the purpose. On examina¬ 
tion, all fail, and there is at the present time absolutely 
no method of determining by any chemical process 
whether a given cement contains free lime or not. There 
is no known method of extracting ‘‘free lime,” if .such 
exists, from cement without at the same time acting upon 
and decomposing the energetic unhydrated compounds 
which constitute the cement itself. 

As to the value of chemical tests, it is not definitely 
known .just what part is played by each of the compounds 

( 192 ) 
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tUat constitute present-dsi^ Portland cements, emd chemi¬ 
cal analyses do not explain the manner of the occurrence 
of these compounds. The definite aid which chemical 
analysis, therefore, may render at the present time in 
determining the quality of a cement is limited to ascertoin- 
*ing that the essential compoundsa are presen^ in the pro- 
j^rtiofls which experience has proved to be necessary or 
most desirable for the cement in question. • 

• Neither complete nor partial chemical analysis of the 
constituents of hydraulic matertals can therefore be ranked 
as infallible tests, or tests of pfimary haportance. But 
chemical aimlysis may render real service iq controlling 
the classification of a product concerning which there 
is reason to doubt the declaration of the manufacturer. 
Thus, a slag cement can be distinguished from a Portland 
by its composition, and also certain natural cements. 

The actual chemical constituents of a well-made sample 
of Portland cement may be as under (example A), and the 
calculated composition of a cement burned from the sample 
of raw material referred to previously is also given 
(example B), viz. :— 


(A) 


Loiw on ignition 
Silica (SiO,) 

Insoluole 
Alumina ( A1,0^ 
Oxide of iron (I«|Os) 
Lime (CaO) •... 
Magnesia (HgO) ^ 
Sulphuric anhydjrtde 


Potash! 
Soda > 


and loss 



(B) 

Per cent. 

Per cant. 

1.22 


... 21.44 

. 26.28 

.60 


6.76 

. 6.23 

3.17 

. 2.99 

• . 63.04 

. 83.93 

.99 

.71 

1.81 


.98 

Undetermined ... ... .86 

100.00 

100.00 


There is a change in composition of the materials 
during the burning stage which is almost inevitably in 
the direction of reducing the lime factor, i.e., making the 
cement more aluminous. This is caused by the-impuritma 
picked up during the calcining proc-ess, such as a slight 
mixture of kiln linings and the itsh from the fuel nsdd with 

. N 
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the kiln. These udditions are chiefly composed of silica 
and alumina, and they affect and alter the theoretical com¬ 
position of the cement as calculated from the raw materials 
used, by slightly increasing the percentages of silica, iron 
and alumina, and reducing the lime content. 

The effect of fuel ash on the composition of cement 
as shown by analysis is illustrated by the following :— 

The ash of the coke, or whatever fuel may have been 
used fw the calcination of the raw material, being non¬ 
volatile, remains with the clinkered mass either wholly or 
in part, according to the type of kiln used. Part of it is 
fused on to the outside of the pieces of cement clinker and 
combines with it, and i)art may remain as a more or less 
insoluble powder or clinker, chiefly consisting of silicates 
of alumina and iron. 

Such ash as is not carried away by the draught in the 
form of dust, being inseparable from the cement clinker, 
is ground up with it, and obviously must to a considerable 
extent affect the percentage coraixisition. 

In the types of fixed kilns usually adopted in England 
practically all the ash is thus left. 

In the case of intermittent kilns, it takes about 8 cwts. 
of coke to calcine a ton of cement, and in the ca.se of con¬ 
tinuous kilns about cwts. 

If we assume the coke to contain 10 per cent, of ash, 
this means that 0.8 cwts. of ash is left in the first case, 
and 0.45 cwt. in the other. This ash may have the follow¬ 
ing composition :— 


Silica ... ... ... ijl.OO 

• Alumina and Iron Oxide ... 31 'iO 

Lime ... ... ... 12 00 

Undetermined ... ... 2 80 


100.00 


and will affect the analysis of the average of the mass 
drawn from the kiln by reducing its percentage of lime. 

If in the raw material the percentage of carlionato of 
lime he 76, and there be no volatile matter present other 
than the carbon dioxide belonging thereto, the amount of 
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lime in the calcined mass, if calcined by an aahless fuel, 
would be 03.94 peitcent. 

If calcined in an intermittent kiln under the condi¬ 
tions Wlined already, tly amount would become 01.86 per 
cent., aryl if c^alcined in a continuous kiln 02.77 per cent. 
* The ijritisb standard specification refers to^lie chemical 
compofttion of cement in demanding (1) that ft shall con¬ 
tain no greater projwtion of lime than is necessary to 

■ saturate the silica and alumina present; (2) that the per¬ 
centage of the insoluble residde shall not exceed 1.5 per 
cent.; a»d (3) that magnesia aAl sulpltur calculated as 
sulphuric anhjdride mdst not exceed 3 and 2.J5 per cent, 
respectively. 

It also ))rovides that the total loss on igftition (water and 
carbon dioxide) shall not exceed 3 iier cent. 

The percentages of Bilioa, alumina, oxide of iron 
and lime contained in cements may vary lo the extent of 
1 or 2 jjer cent, from the figures given in the example A, 
and still constitute a good sound article, but magnesia and 
sulphuric anhydride should never greatly exceed the j)er- 
centages given in the British standard specification. 

Silica, lime and alumina must be considered the 
essential elements of the cement as they combine in 
the kiln at a clinkeriug temperature to form compounds 
having special properties in relation to the effect tlyit water 
has upon them. 

These compounds—silicate of calcium and aluminate of 
calcium—as they come from the kiln, and until they are 
wetted to form concrete, are perfectly anhydrous; that is, 
they are free {porn water, or, in other words, have no water 
chemically combined in their molecules. They are, how¬ 
ever, capable of forming a chemical combination with 

■ water and in that condition are spoken of as hydrated 
silicate of calcium and hydrated aluminate of calcium. 

The peculiarity of these compounds is that when in the 
anhydrous condition, they are more soluble in water than 
when in the hydrated condition, the effect being that when 
wetted with water to form concrete, the anhydrous sub¬ 
stance is split up and a portion dissolves in the water: it 
then slowly combines with the jvater and the undigsolved 
portion to form hydrated compounds, which, being in¬ 
soluble, concrete the whole mass into a solid block. A.s the 
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solubility is but slight, this reaction takes place slowly, 
and it may be weeks or even mtoths before it is 
complete. ^ 

This property is known as thydrauliolty, and a 
hydraulic substance is one that will sef under water or bV' 
the action of water. -» '> ■' 

The great aim of the cement maker is, therefore, to pro¬ 
duce the maximum amount of these substances in his 
cement. For if on the onp hand there is too much lime 
m the mixture^ a portion of it remains uncombined, and 
IS a source of danger to the cement, as free Uml expands 
wd crumbles to dust on being hydrated, or ‘‘ slaked ” as 
it is commonly^ called, thus injuriously affecting the 
strength and stability of the concrete; so, on the other 
hand, it there is too much silica and alumina in the mix¬ 
ture, other compounds are formed which have no hvdrau- 
licity. 

Tho proportion of lime in Portland cement may vary 
from 58 to 66 per cent. An analysis of Portland cement 
which shows a percentage of lime much outside the limits 
mentioned should, however, be submitted to very thorough 
tests before acceptance. 

The hydmulio index of cement is found, as already 
stated, by the ratio of the silica and alumina to the lime 
present in the sample under investigation. 

The lime ratio given by the British Standard Specifi¬ 
cation provides that the proportion of lime, after deduc¬ 
tion of the proportion necessarv to combine with the 
sulphuric anhydride present, to silica' and alumina in 
cements shall not be ereater or smaller '(calculated in 
chemical equivalents) than is represented by the equa¬ 
tion ;— 

Mu, Min. 

STO^ + A1,0, = 

Molecular weight of Lime = 56 
,, ,, Silica = 60 

,. Alumina =102 

,, ,, Sulphuric 

an^dride= 80 
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Au example of working this equation is as follows ;— 

Lime (CaO) 63.28% Silica (SiO*) 21.6% 

Alumina (AI 2 O 3 ) 8.10% Sulphuric anhydride (SOs) 2.00 

Lime. combining with 2.00 per cent, of sulphuric 
anhydride = 2.00 x&6 
• 80 

= 1.40 per cent. 

63.28- 1.40=61.88 per cent. Lime. 

Thus— , . ^ 

Lime (C«0) = ■ = 1.10 , 

Silica (SiOe) = == ’-36 

Q 1A 

Alumina (AljOa) = = .08 

Then— 

CaO 1.10 T- *■ 

—.-T-Ty = , ,.o = 2.60 Lime ratio. 

81 O 2 + AljOa .36 + .08 

Up to a limit it may be said that the more the lime con¬ 
tained in a cement the greater will be its strength. This 
limit is reached, liowever, when more lime is prei^nt than 
will chemically combine with the silica and alumina, 
leaving some lime in the unoombined state—often termed 
“ free ” lime—occurring, generally speaking, when the 
percentage ef lime is greater than the percentage of silica 
multiplied by 2 .R plus the percentage of alumina mul¬ 
tiplied by 1 . 1 ? . 

Lime in slaking expands, so that an excess of lime over 
what will unite with the silica and alumina will cause the 
cement to expand or “ blow,” as it is often called. 

If the percentage of lime is under the limit the cement 
contains silica-alumina in excess, tending to produce a con¬ 
tractive and weak cement. Unsoundness in cement is also 
caused by uncombined or loosely-combined lime resulting 
from coarse grinding or in’ognlar mixing of the raw 
materials or under-burning of jlhe clinker, but th^ere is, 
however, as already stated, no method of determining 
the unoombined lime in cements. 
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Chemical analysis, therefore, if taken alone as the guide 
to quality, will seldom explain fully where unsoundness is 
concerned. Recourse must be had in this respect to the 
physical tests for soundness a^^ mentioned in another 
chapter. _, , ' 

A PortlanC cement, containing high percentages of lime, 
requires .high temperatures in the kiln vyhilst burning the 
raw materials. It is heavy apd hard to grind and generally. 
yields a slow setting cement. The rotary kiln has much 
improved the facilities for burning cement, and,a general 
increase in the percentage of lime content in cements is 
now possibfe. 

An increase irythe quantity of silica in cements gener¬ 
ally requires a proi)ortionate increase in the lime content, 
with the result that the raw materials must be harder 
burnt, end the resultant cement will be of a high tensile 
strength. Silica is generally contained in cements to an 
extent of 18 to 25 per cent. It is one of the most useful 
constituents, but must not be in insoluble form. 

Silica in Portland cement plays the part of an acid and 
combines under great heat with lime. 

The function of the oxide of iron in cements, gener¬ 
ally from 2 to 5 per cent., is to act as a flux in the kiln 
and cause the silica and alumina to combine with the lime 
at a lov^er temperature than they would without its inter¬ 
vention, and after that object has been effected the iron 
appears to play no further part. Its combinations are not 
hydraulic, and, consequently, have np concreting power. 

The dark grey colour of cement is dUe to the presence 
of iron, compounds, and when not in excess ifon oxide does 
not affect a cement. 

The amount of alumina in Portland cement is generally 
from 8 to 10 per cent., and its function is assumed to 
affect the initial setting of the material. A high alumina 
content, for instance, makes a quick setting cement, and 
a low percentage of alumina in cements generally defines 
their slow setting qualities. Alumina in Portland cement 
acts as an acid. 

Magnesia is present in cements up to about 3 per cent., 
a limit which is considered to be harmless, indeed some 
experts consider that magnesia replaces lime in a cement, 
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and this theory is growing in favour, although other 
exfjerts have inainfliined just the reverse. 

The other constituents of cement, such as sulphurio 

anhydride and the alkJies potash and soda, are non- 
«essential* • 

To ascertain the insoluble Vesidue ifu a cement 
such as sand, clav, and inert material of anv description, 
IS iiseful in checking the existence of am foreign matter 
in the product as a fiure l^irtiand cement should contain 
not more than 1.5 per cent, of snqji suh.stancea, which con¬ 
sist 111 such case chieflt of detritus from the kiln and mill 
linings and uncombiDod fuel ash. * 

There is no standard method for Ihe p^nalysis of Port¬ 
land cement, and chemists vary considerably in their 
estimation of its constituents. This may he seen from the 
lolhiwing results of ihe analysis of a sample of cement as 
carried out by the dillerent methods of eighteen American 
experts working for a committee enquiring into the uni- 
toiTOity in the analyses of materials pertaining to the Port¬ 
land cement indu.stry. 


Variation from 
to 


The 


Silica 

Aliiniina 
and Imii 

IJnip 

iMaancaia 

.. 19.18 

9.32 

62.01 

2.52 

.. 21.56 

11.36 

64.30 

^ 3.13 

if I'ortlaiid 

cement 

is gene 

rally ixm- 


Half a gramme* (500 milligrammes) of the finely 
IKiwdered sarripl? is carefully weighed in a platinum 
cnit'ible and ignited, at first over a bunsen gas-burner 
and afterwards over a good blast lamp. It is then cooled 
in a dry atmosphere and weighed again. The loss of 
weight equals moisture and carbonic anhvdride. 


Silica (SiO:) and Insoluble.— The same sample is 
now transferred to a large ])latinum dish and dissolved in 
nyMochloric acid and distilled waiter; about 5 cubic centi¬ 
metres (5 c.c.) of the farmer and 10 c.c. of the latter. 
Jne solution IS evaporated to dryness on a steant bath, 
moistened with dilute hydrochloric acid, and again eva- 



200 


CHEMICAL ANALYSIS 


poribted to complete dryness. This operaticm may, with 
advantage, be repeated several times,* to ensure that the 
silica, which separates from the acid solution of the 
cement, has become thoroughly dehydrated, and free from 
all trace of acid, otherwise a poption ot it would ledissolve' 
on a furtlifj quantity (rf acid being added. The dry 
residue in the platinum dish is now digested on the steam 
bath with 10 c.c. of hydrocl^loric acid and 30 c.c. of dis-. 
tilled water until all is .idissolved with the exception 
of a white po'svder, \^iich consists of silica, and in¬ 
soluble matter. The contents of l;he dish are. now further 
diluted with distilled water and filtered through an ash¬ 
less filter pai)er, .9 centimetres in diameter, taking care to 
remove every particle of silica from the dish by washing 
it into the filter with boiling water. The filter paper 
which now contains the whole of the silica is thoroughly 
washed with a. spiuy of hot water, the filtrate and wash¬ 
ings being collected in a conical glass beaker. 

The filter pajier containing the silica is dried and ignited 
in a platinnin crucible, at first gently over a bunsen gas 
burner until the pa|)er is all consumed, and afterwards for 
five minutes over a blast lamp. It is then allowed to cool 
in a dry atmosphere, and weighed, the weight of the empty 
crucible being known; the weight of silica and insoluble 
is obtained by difference; the weight obtained in milli¬ 
grammes - 5 - percentage of silica and insoluble in the 
sample. The amount of insoluble ascertained, as further 
explained in this chapter, subtracted,from thjs, gives the 
actual silica in combination. 

Alupalna and Oxide of Iron (AlsOt), (FezOs)-—^he 
filtrate and washings from the silica are heated to boiling in 
the glass beaker in which they are collected, about 5 c.c. of 
bromine water is added to ensure that the iron and man¬ 
ganese contained in the solution is fully oxidised, and the 
w'hole boiled until excess of bromine is dissipated. Solution 
of ammonia is now added in quantity sufficient to neutralise 
the hydrochloric acid present and until a distinct smell of 
ammonia is observed in the liquid after being stirred with 
a glass rod. The solution is then boiled gently until the 
smell ‘of ammonia has fiearly disappeared. A reddish 
brown, pjelatinous precipitate will be observed in the 
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liquid. This conaists of alumina and oxide of iron 
and whilst the liquid is still hot, must be filtered off on a 
filtv paper simile to the one used for the silica. The 
whole of the liquid shduld be passed through the filter and 
the beaker in which the precipitation was made washed 
out ^th a spray of hot water (ulihg distilled ^ater) from a 
wash bottle. The filter paper and precipitate must then 
be washed, the* filtrate and washings being cotlected in a 
large conical glass beaker, al^vays taking care that none is 

I®®*- . • . . 

The prefipitate of ^alumina and oxide of iron is now re¬ 
dissolved in dilute hydrocliloric acid (one j&rt of acid to 
10 of water) by passing about 10 c.c. of the dilute acid 
through the filter and collecting the filtrate in a separate 
beaker. Wash the filter with hot water, so that no trace 
of alumina and oxide of iron is lost, and make up the 
solution to about .50 c.c. Precipitate again by adding 
ammonia as before, and collect the precipitate on a fresh 
filter paper. Wasli and add the filtrate and washings to 
those obtained from the first precipitation. Dry the pre¬ 
cipitate and ignite in a platinum crucible over a bunsen 
gas burner, cool in a dry atmosphere and weigh; the 
weight in milligrammes 5 = percentage of alumina and 
oxide of iron in the sample. The object of the double 
precipitation is to free the precipitate from all traces of 
lime, which would otherwise contaminate the precipitate 
and cause !i slight error in tlie analysis. 

Separation o& Iron and Alumina. —This operation 
may be carried t)ut by either of the two following methods 
A or B. * . 

(A) The precipitate of iron and alumina after weighing 
is fused with a little sodium carbonate (Na 2 C 03 ) and the 
fused mass is dissolved in hydrochloric acid (]-l of water). 
To this solution add an excess of strong caustic potash 
(KOH) and boil for five minutes. Dilute the solution and 
filter off the iron precipitate, well washing with hot water, 
the filtrate being kept for the deteimination of the 
alumina. 

The iron precipitate is dissolved in warm hydrochloric 
acid (dilute) and precipitated with ammonia, filtered, 
washed, ignited, and weighed as ferric oxide.(FejOj). 
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The filtrate from the first precipitation is made add with 
hydrochloric acid, and a slight excess of Ammonia is added 
to precipitate the alumina. Boil off the excessc of 
ammonia, filter, wash well and tepeatedly with warm 
water. Ignite strongly and weigh as alumina (AltOa). 

(B; Instead' of ignitidg and weighing the mixed, pre¬ 
cipitate of iron and alumina, this precipitate is washed 
hack into'a hcaker and hoilcd with the strong caustic 
potash (KOH) solution, and .atiove method carried out for 
the separation. ^, 

Lime. —^I’hf filtrate and washings from the 'last opera¬ 
tion now contain the whole of the lime which is removed 
by precipitation with oxalate of ammonia. Add some 
ammonia to the liquid and boil. Whilst boiling, add 
about 25 c.c. of a saturated solution of ammonium oxalate, 

< stirring during the addition and boil for one minute. The 
beaker is covered with paper and kept in a hot place (but 
not boiling) until the precipitate has settled down and left 
the liquid quite clear. It is then filtered and washed with 
hot water with the same precautions observed in the pre¬ 
vious operations. The precipitate is burnt in the platinum 
crucible, at first very .slowly over a low flame from the 
bunsen burner and afterwards at the highest temperature 
of the bla^t lam]), until the weight is constant and ceases 
to lose any more by further ignition; the weight in milli¬ 
grammes-;-5= percentage of lime in the sample. 

Magnesia (MgO) —The filtrate and .washings from the 
last operation, which will now amount t«. a considerable 
bulk, must be reduced by evajjoration before 'the analysis 
can be proceeded with. For this purpose place the liquid 
in a large porcelain evapoi’ating dish and boil gently until 
it is reduced to a bulk of about 40 c.c. If the liquid now 
is not quite clear, filter it, washing the evaprating dish and 
filter paper with a little water; cool the liquid by standing 
the beaker in cold water, add an excess of a saturated solu¬ 
tion of phosphate of soda or raicrocosmic salt, and stir well 
with a glass rod, being careful to avoid rubbing the rod 
against the sides of the beaker. Now make the solution 
strongly ammoniacal by the) addition of about 15 c.c. of the 
strongest liquid ammonia, cover the beaker with paper. 
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and stand it in a cool place for at least four hours or over 
night. During ftiat time a crystalline precipitate of ihe 
double phosphate of magnesia and ammonia will have 
formed; filter and wasli with a dilute solution of ammonia 
(10 per cent, of Strong ammonia in distilled water), being 
carefpl to wash all cryslals froA' the sidessq^d bottom of 
the beaker: dr^’ the filter and precipitate and^ ignite, at 
first very gently and afterv^ards at the highest temperature 
of the blast lamp. The p\iecipitate will now consist of 
pyrophosphate of magnesia, an^ must J>e weighed in that 
state after the usual precautions of cooling in a dry 
atmosphere, after which the amount of fliagnesia con¬ 
tained in it can be arrived at by calculation. As •222 parts 
of pyrophosphate of magnesia contain 80 parts of mag¬ 
nesia, if the weight obtained be imilliplied by the factor 
.3(>03C, the ])roduct will equal the weight of magnesia , 
contained in the .500 milligrammes of cement taken for 
analysis, and this number divided by 5 will give the per¬ 
centage of magnesia. 

Insoluble (Sand, Olay and Inert Material).—Two 

grammes of cement are weighed into a beaker, swirled 
with a little water to prevent lumps, about 100 c.c. 20 per 
cent, hydrochloric acid are added, and the beaker is gently 
warmed until all the cement is dissolved. Fiber off the 
insoluble material, wash well, and place the filtrate and 
washings aside for the estimation of the sulphuric anhy¬ 
dride (SO 3 ). Now wash the insoluble back into the beaker 
from the filter^prffier and boil with a strong solution of 
sodium carl^nate (Na 2 r 03 ), filter through Ihe same filter 
paper, kee]iing the solution almost boiling, wasii the in¬ 
soluble back into the beaker and again boil with sodium 
carbonate. Filter, wash well with hot water. Ignite and 
weigh as insoluble. 

This result subtracted from the combined weight of 
silica and insoluble first estimated, leaves the actual com¬ 
bined silica in the cement. Foiling with sodium carbonate 
dissolves out all the silica which may have been precipi¬ 
tated while dissolving the cement. 

Sulphuric Anhydride (Sibs).—Bring the filtrate from 
the insoluble in hydrochloric acid to a boij, and pre- 
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cipitate the sulphuric anhydride by adding a 10 per cent, 
sdution of barium chloride until no more white precipitate 
is produced. This white precipitate is sulphate of barium. 
The l)eaker has now to be kept atla gentle heat, but not 
boiling, for some time until the precipitate settles and the 
liquid above itis quite dear. It must now be filtered on 
an ashless filter paper and well washed with hot water: 
bum the filter paper and precipitate, when dry, in a 
platinum crucible over a pov^erful bunsen flame; cool and 
weigh with the usual precautions; 2S3 parts of sulphate 
of barium contain' SO parts of sulphu^ric anhydride, so the 
weight of the precipitate obtained in milligrammes must 
be multiplied by the factor .34335, and the product divided 
by 20 will give th’e percentage of sulphuric anhydride in 
the sample. 

The analysis is now complete with the exception of 
alkalies, which ere usually estimated by difference—^that 
is, the difference between the sum of the various sub¬ 
stances estimated above and 100 parts. 

The results calculated to percentages are then tabu¬ 
lated as followsPercent. 

Loss on Ignition 

Silica (SiOi) 

Insoluble 

Ferric Oxide lPe20a) ... 

Alumina (AljOa) 

Lime (CaO) ... 

Magnesia (MgO) ... ... , ...' 

Sulphuric Anhydride (SOa) ... ... 

Alkalies and Undetermined 


100.00 

The dry atmosphere referred to as necessary for the 
cooling of the crucible and contents after ignition, and 
before weighing, is best obtained by placing a jar or open 
wide-moutb bottle of strong sulphuric acid under a glass 
bell jar. The acid will absorb all moisture from the 
atmosphere contained in the jar. The crucible can be 
placed under the jar to cool near the sulphuric acid. 

It is often desired by cement users to estimate the 
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amount of lime only in a sample of cement, and as this 
is a simple operation we may include the process under 
thia heading. 

Take half a grammelof the cement and dissolve it in an 
evaporating dish‘with a small quantity of concentrated 
hyi-pchloric acid; add*a few ’drops of nitric acid and 
evaporate to dr^’uess and bake well to ensure that all acid 
is driven off. 

Eedissolve the residue fn.dilute hydrochloric acid and 
filter off the silica. , 

To tfie filtrate add^ ammonia to precipitate the alumina 
and iron. Now add acetic acid to dissolve this precipitate 
of iron and alumina and boil the solution. 

When boiling, precipitate the lime with ammonium 
oxalate in excess, filter, ignite and weigh as already, de¬ 
scribed. 



Mechanism of Setting iand Hardening. 

CHAPTER X\l. 

The mechanism of the setting.,of cement is still not pre¬ 
cisely known, its complex constituents having as yet been 
scarcely isolated (ind thei» behaviour as individuals being 
almost entirejy unknown. Until tlvs detailed knowledge 
has been gained generalisation on such a subject must be 
confined to hypothesis. 

The question as to what is the chemical cause and opera¬ 
tion governing the process of setting is one of high 
scientific interest, and much complexity, and is one that 
really cannot be answered, but Ihe theory is held that 
this is due either to a crystallisation or colloidal action, or 
both, and upon these points the following information is 
the latest that is available. 

It appears to be accepted between the “crystalloid ” and 
“colloid” schools that set cement derives its adhesive and 
cohesive qualities largely from the presence of low-limed 
compounds, or even of hydrous silica, although experts 
will not agree that the hydrolysis goes so far as to result 
in hydrous silica, as concurrently with the silica, hydrate 
of lime would be produced, and the two substances cannot 
long exist together, as fairly rapid /’ombination takes 
place. 'J’hoinas Kdison has explained to'the author that 
he is a,, keen believer iii the colloid thVory, while 
Le ('hatelier, the eminent French chemist, has always 
opposed the theory which attributes the hardening of 
cements to certain colloidal pmjKTties of the material. 
Other experts are equally as definite in opposition 
to these views. Le Chatelier has pointed out in a recent 
paper upon crystalloids against colloids in the theory of 
cement setting that in defining the word “ colloid," if that 
be possible,.Graham, the originator of the diBcovei 7 of the 
bodies which are thus designated, had recognised the 
existence of two sorts of difierent solutions. The one kind 
gave on evaporation crystallised bodies called crystalloids 
( 306 ) 
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(sea-salt, sugar, &c.), the other gave amorphous bodies 
(gelatinous siiicajigum, &c.). He further recognised that 
the,crystalloids are diffused when dissolving and that the 
colloids are not. | 

Mora recently Esigniondy showed with the aid of the 
ultrauiicroscope that th# colloidal solutiona»^ere not true 
solutions, but merely suspensious of very finely divided, 
rigorously insdiuble matter. These suspensions are 
opaque, milky or transjjaA'ijt, according to the fineness 
and the abundance of the particles so suspended in the 
liquid. • When their diameter is inferior tb the wave-length 
of light, they allow !he light to wend its ft'ay through, 
somewhat as happens in the case of sound with screens 
of a limited size. The diameter of* (he true colloids 
approaches a millionth of a millimetre, and is always much 
less than a thousandth of one millimetre. 

.Ml very minute insoluble bodies give such colloidal 
suspensions; metals like jilatimim and .silver when pul¬ 
verised by the electric arc: finely crushed minerals like 
quartz, alumina, kaolin; com|>letrly insoluble chemical 
precipitates like the sulphides, notably nickel sulphide, or 
finally, the iron (annate u.sed in the manufacture of ink. 

Hut. is there cause to give a particular name to bodies, 
the only singular properties of which so far are insolubility 
and fineness? t 

These very minute bodies possess one quite special and 
very important property, however, which entitles them to 
being classed sejiarately, that is the property of absorbing 
the solubleT bodifs tvliich are held in solution by the liquid 
with whicli«they are wetted. This ab.sorption, which is 
frequent with chemical precipitates, is a very grave source 
of error in analyses. It is true that this jiroperty does not 
strictly characterise finely divided bodies; it manifests 
itself in identically the same way in porous bodies. Blood 
carbon, a true colloid, and wood charcoal behave in the 
same way. From this jioint of view, colloids and porous 
bodies must be classed together. 

This absorptive power is a particular case of much more 
(■eneral profierties which all very fine bodies possess. 
Chemically a body in the fonn of an impalpable* powder 
behaves quite differently from the same body in the form 
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of big lumps. There is a special chemistry of colloids and 
porous bodies. These particular properties are under the 
immediate sway of surface tension. 

The fact has long since been "icknowledged that ail 
chemical phenomena depend directly upon diverse forms 
of energy, heat, electritity, wdtk. The chemical re¬ 
actions of combustibles liberate heat; the reactions of 
batteries generate electricity; the reactions of explosives, 
work. liMiprocally the forces of energy—temperature, 
electromotive force, pressure—define equilibrium con¬ 
ditions and suppress or attenuate at the same time passive 
resistances which oppose the reactions, tending to bring 
the bodies back to the state of equilibrium. The whole 
chemistry is only a chapter of energetics. 

There is, however, one form of energy of which chemistry 
does not speak as a rule, that is the surface energy which 
is measured by the product of the surface tension (or capil¬ 
lary tension) and of the free surface of the b^y. In 
magnitude surface tension is generally infinitely small when 
compared with the other forms of energy. Take the gram- 
molecule of water, 18 grams, and assume it to have the 
form of a sphere whose diameter will be 3.3 cm. In con¬ 
tact with its water vapour the sphere will have a surface 
tension of 0.08 grams per linear centimetre. The surface 
of the sphere being 34 sq. cm., its surface energy will be 
0.08 x 34 = 2.72 grara-cm., or 2.72x10-' kg. m., which 
corresponds to 6.3 x 10-* kg. calorie. Now the vaporisa¬ 
tion of a gram-molecule of water absorbs 10 calories, and 
its combination with lime liberates 10 oflories. Its sur¬ 
face energy is therefore only equivalent ,to the one 
hundretli millionth ))art of that quantity of heat, that is 
to say, absolutely negligible. 

If instead of taking the water in the form of a single 
sphere we divided it into a vast number of little globules, 
each of one-millionth of 1 mm., their surfaces and con¬ 
sequently their total superficial energy would become 830 
million times greater, and thus equivalent to 2 calories; 
that is to say, the surface energy would be of the order of 
magnitude of the quantity of heat which water evolves in 
its various chemical reactions. The surface energy in 
that case would no longer be a negligible factor. 

As regards solids in suspension \p a liquid, there is no 
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lirect method for measuriug tlie surface tension at the 
instant between 4he solid and liquid. Certain indii'ect 
nnsiderations lead us to adinit, however, that this tension 
nay become a hundred times greater than that of water. 
The superficial energy will be increased in the same ratio 
md itjj influence will heAiine apJlTeciable fw,dimensions 
jf the order of a ten-thousandth millimetre—dimensions 
nuch superior to*those, of chemical precipitates.* 

So far, Jjc (’hatelier's considerations concern solely the 
jrain size without paying attej)tiou to the greater or 
smaller ’siilubility of the bodies in i|Tiestion. They 
lo not yet furnish an iiimieiiiale explaiuflion of the 
tsual insolubility of the colloids. A solid crystal ground 
iowii to very fine grains will certainly have all the jiro- 
uerties of colloids as long as it retains its fineness; but it 
will rapidly lose the latter as sixin as it is brought in con¬ 
tact with a liquid cajiable of partially dissolving the sub- 
dance. The energy of dissolution will he increased by 
the whole siqiei'ficial energy of the iTvstal: thi'ie will rtjsult 
in increiuse in the solubility of the fine cr\stale, and a 
supersaturated solution will be produced, from which 
larger crystals will sixm be separated. This fact has been 
very clearli verified for the very fine precipitation of cal¬ 
cium sulphate and barnnn sulphate. In order to make 
these precipitates coarser, and thus prevent th«m from 
passing through the filters, such precipitates are kept hot 
for several hours before filtration. 

Every soluble body, even if existing in very fine division, 
progressively losw its colloidal projierties when it is main¬ 
tained in contact with a liipiid in which it is somewhat 
soluble: its transformation will bo all the more rapid, the 
greater the solubility. It is only in.soluble bodies, there¬ 
fore, which can presei vc the extreme state of subdivision 
which corresponds to the colloidal state. For the same 
reason, bodies which are pro|ierly called colloids never 
show any discernible crystalline form, because the crystal¬ 
line orientation siipfxisos a certain mobility of the material 
W’ithin the solvent, be it liquid or gaseous. 

To come to the hydraulic mortars— .'Vre the products of 
their hardening colloidal or are*they not? Iiet rts first 
take the case of iilaster. When plaster has set, we can 
never discegi any crystals in the material, even binder the 

0 
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strongest magnification of the microscope. That does not 
prove tliat no crystals are formed; i)erhap* tliey are too small 
to be recognised. In petrographic specimen jdates lessjthan 
0.02 mm. in tliickness, one can hajrdly distinguish crystals 
less than 0.005 mm. in diameter. By. crusliing ilie soft 
mass under ^le cover-gloss we tannot get below 0.0005 
mm. We iJ’e thus yet lar away from colloidal dimensions. 
When the humid bjdrated plaster is left to itself, crystals 
begin to become discernible at the end of several weeks; 
after several years they are sometimes visible to the naked 
eye. One can sce tliem’‘jdainly, in the south of'Algeria, 
on the roots* of dead trees which have been transformed 
into gypsum. W'e can, moreover, make the cry.stals in 
hardening plaster visible from the beginning, when we 
gauge the jilaster with alcoholic water (instead of pure 
water); the .setting is then retarded and the crystals can 
better develop. 

The calcium aluminates, which play an important part 
in the hardening of rapidly setting cements, are liydrated 
at the same, rale us the pla.ster, and they give likewise a 
whitish mass in which crystals are not di.scernihle. Jf, 
instead of ganging the ainminatc with little, water, wo put 
a few isolated grains of tin' ahiminate into a large volume 
of w'atiT, we ol)serve that tin' grains soon become sur¬ 
rounded by long crystals of hydrated uinminate, wliich are 
alwjiys easily visible under tlie microscope and can sorne- 
tirncH directiy bo seen by the eve. 

falcium silicate alone causes a difficulty in these con¬ 
siderations, and this is imistftant. becargie the silicate is 
the es.sential element in the hardening of I’orfland cement. 
The initToscope has never enabled us to see hydrated .cal¬ 
cium silicate. Its crystals are certainly very minute; 
numerous analogies prevent u.c, however, from denying 
their existence. The hydration is exactly the same as in 
the case of barium silicate. 

SiOs.SCaO + aq.-SiOj.CaO, aq.+2CaO, H,0. 

Si02.2Ba0 + aq. = Si02.Ba0, GHaO-pBaO, 9 H 2 O. 

The crystals of hydrated lime are plainly visible, like 
those of hydrated baryta;,,they may attain dimensions of 
several mm. Crystals of barium silicate can always be 
seen with-fthe aid of a lens, sometiines even with the naked 
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sye. By virtue of anal^ we may say tliat hydrated cal- 
'ium silicate will certainly crystallise as well; but as it is 
uuqb less soluble than the barium compounds, the crystals 
rill De too minute to bf discernible. 

It is not irnjxissible that, initially, the dimensions of these 
Tystals are of colloidal dlder, as'ki the raoiji^nt of forma- 
liou of the precipitates of barium sulphate and calcium 
ixalate. It ha? been shown, in fat^t, that this calcium 
iilicate precipitate absorbs,*in the moment of its forma- 
ion, a certain (|uantity of finie, which varies with the 
joncentfation of the liipiid. iti the ciytirse of time the 
limensions of the crystals must increase coifsiderably, as 
n all similar instances. The, mechanical resistance, on 
;he other hand, does not diminish ftith time. Con- 
iequently, the colloidal state, which was possible at the 
leginuing, has nothing, it is maintained, to do with the 
lardening of the cement. 

In (tonclusion, the explanation of the hardening of 
■eraents which lie t'hatelier gave thirty years ago does not 
I'et a])pear to have been weakened, viz. 

The, anhydrous compounds of cements, not being in 
•hemical equilibrium when in contact with water, are more 
ioluble than the same hydrated comjiounds. For tliis 
•eason they give rise to the formation of a supersaturated 
siilution from which the hydrated comjiound may rapidly 
crystallise. 'Hie liipiid, being no longer saturated can 
redissolve more of the anhydrous compounds, and the 
whole mass can thus crystallise progressively by passing 
through a’stags transitory dissolution in a limited 
volume of water, which, at any given moment, cannot 
maintain in solution more than a small portion of the total 
mass of salts present. 

The crystals which are deimsited from the .su^ rsaturated 
solutions always appear in the shape of extremely elongated 
needles, which have the tendency to group themselves in 
spherolites about certain centres of crystallisation. The 
entanglement of all these crystals is the only cause of tlie 
solidity of the mass. They become welded with one 
another when the reciprocal orientation is suitable; they 
adhere by simple contact, as dc*all solid bodies whan really 
resting upon one another. 

Finally,, friction at the points of contact, even in the 
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absence of all adhesion, suffices to produce a great strength 
of mechanical resistance, such as is found in all tissues 
and fabrics whose solidity has no other origin. The ^ner 
and the more elongated the cryst&is, the more numerous 
the points of contact, and the greater the frictional resist¬ 
ance. . The greater the area of contact, the more developed 
the adhesion. The progressive growth of the crystal 
dimensions by the mechanism suggested increases the part 
played by adhesion while diminishing that due to friction. 
.\ material built up of very wide strips could be very solid 
if the strips were glued t/igether at their contact sbrfaces. 


While on this subject it should also be added that 
set cement contains hydrated lime, and no evidence 
has been presented to show that this hydrated lime 
IS other tlian inert. We. therefore, have the 
anomaJous ]x>sition that, as the only known means 
of securing strength in tiieir products, cement luanufac- 
turers are compelled to include the highest jxissiblc pro¬ 
portion of lime in their cements that is conijiatihle with 
constancy of volume, wliile in the resultant concrete, a 
large proportion of the lime is nothing more than a diluent. 

In thwr ellorts to reach tho maximum lime content, 
manufacturers are forced to grind their raw materials 
finely at considerable cost, and, the clinkering temperature 
of high-limed mixtures being high, the cost of calcination 
is also heavy. It is well then thdt *^he attention of 
chemists should be constantly directed to Uiis anomaly, 
which requires the manufacture of ceiuciit to be, burdened 
witli an excess of a coiistitneut costly to manipulate and 
which is ultimately found to be a diluent. 

The production of low-limed cements has occupied the 
attention of many workers, but, unfortunately, the basis 
of their experiments and operations has invariably been 
blast furnace slag, with its inevitable content of sulphur 
as sulphide. So tainted at the source, such low-limed 
cements have seldom been judged upon their merits as 
cementr, bnt have been condemned, and rightly so, on 
account of their sulphur content with its possibilities of 
disaster. “ 

The elimination of sulphur from slag has not proved a 
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practical proposition up to the present, and it would tend 
to more rapid plogress if this source of raw material 
for bw-limed cement production were abandoned. The 
ordinary sources of raw*iuaterial, such as chalk, limestone, 
»clay and shale, cduld be used for low-limed cement pro- 
ductirgi, and there would still t>e considerable scope for 
economy in cost of production, for three reasons: firstly, 
there would probably be nonnecessity for extreme fineness 
of grinding of the raw materijils; secondly there would be 
less carj^ouate of lime to dissocijte, and jonsequently less 
heat absorbed; and, thirdly, the low-limed mixture would 
require a considerably lower teini)erature of calcination. 

The results obtained from slag ceineijta offer much en- 
oouragement to the. investigator aiming at the production 
of low-limed cement. These slag cements, containing 
about 45 ))er cent, of lime, sometimes have no difficulty 
in complying with the reiiuirements of tile British Stan¬ 
dard Specification for tensile tests when mixed with sand, 
and for constancy of volume tc.sts, and they thus satisfied 
two of the nio.st inijiortant requirements of the cement 
nser, but they are ruled out entirely by their content of 
sulphur, with their tendency to slow hardening, and the, 
frequent tiwiilty of losing their cementitious properties 
with age. 

The sul()hur difficulty can be avoided by alfandoning 
slag and starting with “ clean ” raw materials, and the 
investigator of the future is then faced with problems of 
slow hardening a(jd failure to keep, before low-limed 
cements can he made a marketable commodity. 

It is, howt'ver, maintained by those who have^devoted 
much time and labour to the sidijcct that the major con¬ 
stituents of I’ortland cement are ti'icalcic silicate, dicalcic 
siliisite and tricalcic aluniinate. Of these constituents the 
cora]tound tricalcic silicate is the one which hardens and 
develops the greatest strength within a reasonable time. 
This most important constituent, which ds the one formed 
with the greatest diflicnlty, makes up only about 30 to 35 
per cent, of an average normal I’ortland ceraenji. 

It may be said, therefore, that the essential process for 
the manufacture of Portland (Anient is the formltion of 
this compound, and that any improvement in this process 
yielding an increased jicreentage of tricalcic .silicate will 
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inaease the cementing value of Portland cement. In 
order to determins the most economic^ process for pro- 
ducing tricalcic silicate in the highest percentages, itpwill 
be necessary to study the rate ofl formation of this com¬ 
pound in a serip of mixtures of various substances; this, 
in turn, nei^rsitatp ths'determination of the equilibrium 
relations of tricalcic silicate of high temperatures in such 
mixtures. Such a procedure^will lead si'ioncr to the dis¬ 
covery of the optimum couyposition in various cases and 
for various piinioses thjin the empirical triul-and-error 
methods that lufvp hitherto prevailed. ‘ 




PORTLAND CEMENT TEST SHEET 


So. . . .192. 

’ SAMPLE of. . brand. 

Seuited from .H.. 

Tested at.^ .. 

HNEHESS: I 

Rttidue on %?76 roeftb....*.. % ColOQT. 

• 32,400 „ .♦.% Ro«....r. Setting Time tosted by 

e * • Standard Needle. 

Initial....mins. 

* Final. >. 

Expansion in 

SOUNDNESS : Millimetres 

** ho Chateibr '* Tcwt—Sanipli* after 24 bouts' Horatioiic 
„ • after 7 days* oeiatioii 

TEHSILE STRAIN : * 

Neat Briquettes gauged with.of water. State whether mimned or l^lostir. 


.3 days 7 flays 

11 ilajK 

2S ddj^H 

3 mouths 

6 inontha 

tbs. [lersq, in.'lbs. in. 

lbs. |N)i'sq. in. 

lijs. {K^rsq. in. 

lbs. jxjr sq. in. 

lbs. per sq. in. 


Sand Briquettes. gftiig<^ 3 Standard Sand to 1 Cement with.?..% of water, 

State whether RammtHl or Wet. * 



.3 day* 

7 dttVB 

1 1 i days 

2S days | 

1 3 months 

6 months 

No. 1 

2 

3 

4 

lbs. per sq. m. 

lbs. {AT sq. m. 

• 

1 

lbs. {wrsq in. 

lbs. jmrsq. in.j 

i 

lbs. per sq. in. 

• 

lbs. per sq. in. 


ANALYSIS. 

Silica (SiOJ . 

Insoluble .^iduo 
Alumina (A^t^) 

Ferric Oxide (FojOj) 

Lime (CaO) . 

Magnesia IMgO) 

Snlphurb Aimydride (SO„) 
Caroonic Anhydride (CO}) 
Water (HjO) ... • ... 

Potash (K,0). 

Soda(Na,0). 


REMARKS 
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Sampling, .Testing and Uses. 

• CHAPTER XVri. 

• •• 

Is orter to obtiiin tlie knowledge usuall.y sSifght for as to 
tlie qualities of teinents to be used, it i^ ueeessasy that the 
samples whicli arc taken fo» investigation sliould represent 
tlie whole quantity of the bulfc. 

Of al>the materials of eonstruWion subjected to a system 
of testine, Portland (■(’meiit is probably the iiiyst de|)endent 
on the jnd>;nicnt and skill of the tester, and with all the 
well-equipped laboratories it is still inifiossible to remove 
the most important factor of personal eipiation. In the 
samplingof eonsiiinments of eemeni and in making pre¬ 
paration for the testing and analysis of the same, the 
Rritisb Standard Specilieation does mueh to avoid the 
personal equation always evident in sampling bulk quan¬ 
tities, and it requires that:— 

As Siam as the cement has been bulked, either at the 
manufacturer's works or on the works in eouneetion with 
which it is to be used, at the consumer's option, samples 
for testing shall be taken from each parcel. Mach sample 
shall consist of apjaoximately equal |«)rlions ^if cement 
from at least twelve different iHj.sitions in the same heap 
when l{H)se or from twelve different bags, barrels, or other 
packages, when the cement is not loose, so distributed as 
to ensure,*as fijr (fs practicable, a fair avi'ragc sample of 
the whole [mrcel, all to be mixed together and the sample 
for testing to be taken therefrom. • 

Before gauging the tests, the samph’ so obtained shall 
bo spread out for a dejith of d ins. for ill hours in a tem- 
jierature of from 5K to 04 degrees Fahrenheit. 

In all cases where consignments are of KX) tons and 
upwards, samples for testing or luialysip shall be selected 
as above from each <'onsignment, cither at the manufac¬ 
turer’s works or after delivery at the works where the 
cement is to be u.sed. Payment for .such tests and 
analysis shall be made by tlie consumer, the manufac¬ 
turer supplying the cement retiuired for the same free rf 
charge. 
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The teste and analyses hereinafter referred to shall in 
no case relate to a larger (Quantity of ceqient than 250 tons 
sampled at one time. , 

In the case of sampling a larg^ quantity of cement for 
analytical or other testing purposes, it is necessory that^ 
the small samjples used io the analysis shall fairly represent 
the whole qhantity. It is hardly jirohable, therefore, that 
a small sample, or even a large sample* taken from one 
place in the manufacturer's stee, or from one sack in the 
consignment, will have tht average composition of the 
bulk, since at this particular point of sampling thfe quality 
of the cement might readily he ol' a better or inferior 
quality to the bulk. 

It is well, therefore, to take small samples from various 
[mints, not merely upon the surface, where the cement 
may have become somewhat air-set by exjmsure to the 
atmosphere, but also in the centre of the hea])B. This can 
be done by the use of a long iron tube which should have 
a sharp end and he fitted over a stick turned to fit the tube. 

When thrust deop enough into the pile, the stick should 
he withdrawn from the tube, and then the latter should 
be pushed a little deeper into the pile of cement. The 
material then found in the end of the tube when with¬ 
drawn will furnish the required sample 

The saytie method can be adopted in sampling numbers 
of barrels from one (mnsignment. The samples of cement 
thus obtained should he mixed by turning over with a 
trowel after being spread out upon a table, and then the 
amount required for testing may be divided out. 

The American Society of Civil Engineen in their 
standard specification stipulate “ that the selection of the 
sample for testing is a detail that must be left to the dis¬ 
cretion of the engineer; the number and the quantity to 
be taken from each package will depend largely on the im¬ 
portance of the work, the number of tests to be made, and 
the facilities for making them. 

“ The sample shall be a fair average of the contents of 
the package; and it is recommended that, where conditions 
permit, one barrel in every ten be sampled. 

" All samples should be, passed through a sieve havmg 
twenty meshes per linear inch, in order to break up lumps 
and remove foreign material; this ie also a very effective 
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method of mixing them together in order to obtain an aver¬ 
age. For determining the characteristics of a shipment 
of cement, the inaividual samples may be mixed and the 
averJge tested; wliere time will |)erniit, however, it is re¬ 
commended that they Be tested separately. 

‘ ‘‘ Cement in barrels slmiild be .sampled through a hole 
made in the centre of one of the staves, midwil}*between the 
beads, or in the »'iead, bv means of an auger or a sampling 
■ iron similar to that used ln«sugar inspectors. If in bags, 
it should be taken from surface, to centre.” 

In determining the good quatities of jjcment for con¬ 
structional purposes,'it is imperative that.the product 
should [XjSsess at least two essentials—the qualities of 
strength and soundness; and the primary object of all 
testing is to detenoiiie wlielher the cement is satisfac¬ 
tory in these two iinporttint particulars. The other 
theoi'etical tests for lineness, si)ccific gravity, time of 
setting and chemical analysis are of value only as the 
results give additional information as to the probable 
strength and durability of tho material. 

It is a rather remarkable fact, and one that makes tlie 
study of cement-testing most diflicult, that the precision 
and accuracy possible in any one of the physical tests 
varies almost exactly inversely as the importance of that 
test. I'hus, all would be willing to agree that soundness 
is the most essential qualitj for a cement to possess, and 
yet the ordinary tests for soundness are tho most inexact, 
and until the Le (’hatelier test was introduced, were the 
most dependent of xll the routine tests upon personal judg¬ 
ment. 

In the test for strength, which undoubtedly comes 
second in importance, we have all the variations due to the 
personal equation in mixing, moulding, handling and 
breaking, whicli make this te.st rather one of experience 
than one of c.xact treatment. In the time of setting, these 
inaccuracies are still further reduced on account of the 
simpler processes required. In the lineiiesa test, which is 
far less important than any of the preceding, we reach the 
first test that is capable of some accuracy, or at least an 
accuracy that is measured mor% by ap]>aratuB tharv, by ex¬ 
perience in manipulation: and finally, in specific gravity, 
which, in itself, has almost no importance, we* reach the 
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only test that can be considered as capable of precise deter¬ 
minations. ' «. 

A few preliminary remarks concerning the other tc^its of 
cements may here be made, althc^igh dealt with at length 
ill the following chapters. 

Kegardin^'jthe finencHS of Portland cement, the coarser 
jiarticles are practically valueless except as so much sand. 
The ccintnt should at least all jiass through a 50 x 50 
sieve, and 98 |>er cent, through a 76 x 70 sieve. The finer' 
the grinding the better the'ccinent. 

The oolour* of Porlfiand cement should be |;reenish- 
grey. The* specific gravity of Portland cement varies 
between 2.90 and 0.20. 

When Portland cement is mixed with the necessary 
tpiantity of water, there is formed a. pla.stic mass which 
hardens after a time. This transition is called “ setting,” 
and the time occupied is called ” the time of setting.” It 
is of great inijiortance to know the setting time of the 
cement to be used. A greater (piantity of mortar should 
never he mixed than can he list'd before setting begins. 

It might hero also be mentioned that in addition to test¬ 
ing cements by the chemical and ))hysical tests according 
to well-known standards and theories, the average con¬ 
sumer generally tests the qualities of cement by praotioal 
resulta,* iireferring to watcb the action of cement in work 
rather than rely u|)on the qualities as shown by the labora- 
lorv records. However, the " practical ” test, be it said, 
is far more likely to give erratic results as to the (|ua.lities 
of cements, and with far more seriouft ci)nseq\iences than 
any of the recognised theoretical tests abow mentioned, 
for thefe are innuinerable ways in which a perfectly satis¬ 
factory quality cement, by faulty manipulation, may be 
made to appear otherwise, and there are again many 
aggregates which destroy the otherwise sound qualities of 
many products of proved first-class quality. 

1'his practical .test is often the parting of the ways be¬ 
tween manufaoturer and oonsumer, and in addition 
to being extremely unscientific, the test is fair to neither 
the one nor the other, and in the event of unsatisfactory 
concrete work ensuing, two distinct and definite courses 
are adopted by the cement maker and the purchaser^—^the 
one statirfg that he is only respon^ble for thq quality of 
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his cement, and the other that lie is not responsible for 
any faulty work carried out with'the cement he purchases. 

iDfview of what may lie said as to the innumerable ways 
in which aftood cementi'an he made unsatisfactory in use, 
ithe position which'is thus hrouKht about can {icncrally be 
settled^to the satisfaction’of hotli'liarties hy*i^ little intel-. 
lijjent interest and labour in inveslifjation, and the causes 
of faulty work or the failure.of a cement in a- practical test 
can far more often be hroufinl^homc to faulty use than 
to faultij cement. The manufaclurer often sn]>|s)rts his 
position by having sayiplcs of.tnc allegeft faulty cement 
tested totlie recognised standard of (piality or Rjiccification, 
and there he considers his responsibility ends, which, per¬ 
haps, may be admitted to he true, hut tfie cement maker, 
in addition, generally uses his further skill in explaining 
to a consumer where the “ practical ” test may have been 
faulty, merely for the benefit of his personal status. 

It will have been found many times over that in 
numerous ways cement work may prove unsatisfactory 
from causes which are altogether beyond the control of the 
manufacturer, and hav<' no relation whatever to the 
((uality of the cement. I’rohahly the most eommon I'uusc' 
of trouble is the failure to recognise the fact that the 
setting of Portland cement is a chemical process which 
may easily be retarded or destroyed by unfavourtible con¬ 
ditions. fare, experience, and supervision are always 
necessary in the use of cement, and it is poor con.solation 
for loss of time and money to throw the blame for faulty 
work on the yian'ufacturer. He, may it be said, now works 
on much more scientific lines than has been tlm case in 
the past, and the cement maker is generally able to make 
a strong case for the defence where it may be necessary. 

After a prolonged and careful enquiry in numerous 
quarters and over many years into the value of the prac¬ 
tical test in the work as often carried out by the consumer 
in proving the quality of a cement, it has been found that 
in eighty-four per cent, of the cases specially investigated 
unsatisfactory concrete work has re.sulted through the 
faulty use of cements, and in addition a further eight per 
cent, of the failures were caused by the consumer ordering 
a special .product which, either by its setting time or 
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tensile strength or some other special requirement which 
has been demanded, has not been suitable for the concrete 
or other work to be carried out with the cement. •> 
There is much room for education on the part of the 
cement user. He needs to know, first of all, what he 
^ really wants,in a cement—that'is, what properties are of 
special value in his work. With this knowledge will come 
a better 'realisation of the necessity not only for uniform 
methods, but what is more to the point—uniform tests” 
When he realises that because one brand does not harden 
quite so rapidlj as anot'lier, it is not necessarily inferior 
for the average piece of work; that the cement which 
fails to gain 12 or 1.5 per cent, over 900 lbs. from seven to 
twenty-eight dayft is not likely to suffer by comparison with 
average cements in any other way; and that when properly 
mode and seasoned these cements are equally good for most 
ordinary work (although one or the other may be superior 
for some s]jiK;ial work); when, we repeat, these facts are 
generally understood and ap[)i'eciated there will be no 
reason for a manufacturer to modify liis test methods so 
as to make a given showing—to obtuin predetermined 
results—and uniform tests will be advanced a long way, 
a condition which the manufacturer will be the first to 
hail. 

Some of the rudiments of the use of cement for con¬ 
crete work are here referred to in psissing :— 

Mortar that has set should be thrown away, and on no 
account be retempered for use. It possesses no hardening 
properties, and it is therefore worthless. • 

The manufacturer has ii in his power to make either 
quick setting or slow setting cement. 

Slow setting cements are those that set after two or 
more hours. The slow setting cement is preferred to thq 
quick setting cement for general work. Only for special 
jmrposes can a qtiick setting cement be used advan¬ 
tageously. In all cases the consumer should notify the 
manufacturer which he requires. By so doing a great 
many unjifstifiable complaints will be avoided; but, above 
all, cements should not be ordered by consumers without 
the setting time asked fm being that which is best cal¬ 
culated for and suited to the work in hand. 

Portland cement is of all cemeifts the least sensitive 
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to changes of temperature. Only during the process of 
setting can any injurious effect‘take place, and frort is 
then ^.specially dangerous if the mortar is t^ wet. 

In operations under wjter a quick setting cement is pre¬ 
ferable. ‘In plastenwork, cornices, etc., and when work¬ 
ing in cold weather, a ceflient should be usqfl^that is not 
too slow setting. In all other oases it is most advan¬ 
tageous to use a ‘slow setting cement. • 

Portland cement as .delivered to the consumer should 
be ready for immediate use, and should not, therefore, 
contain aViy free lime, since the ^Inie (CaftI is changed on 
the addition of water to a hydrate of lime Ca'dlO)*, and 
the expansion which accompanies the change proiluces 
cracks in the hardened cement or concrf'te. This defect 
is only found in iinder-hurned or carelessly manufactured 
cement, and all works tif repute scud out their jiroduct with 
the implied guarantee that free lime, is not present, .^s a 
safeguard some engineers, when engaged on important 
work, subject the cement to a process of aeration during 
which the free lime present (if any) takes up moisture and 
carlion dioxide (('O 2 ) from the air and is converted into 
hydrate, of lime and carbonate, of lime ({'aCOal, whereby 
the danger of expansion in the setting cement from this 
cause is eliminated. 

The following experiment illustrates the c,a]>acity of 
some cements to absorb carhon dioxide on aeration. Two 
samples of I’ortland cement were placed each in a wooden 
box lined with sheet zinc, stirred every day, and analysed 
[leriodically tor cyrhfm dioxide and loss on ignition. The 
following results were recorded :— 


Bdont Ekjkihuiv 


After 22 W<s'ks* 

•Sample A. 



Carbon dioxide 

.40% 

4.67% 

Moisture and combined 


•• 

water 

i.ioro 

2.01% _ 

Sample B. 


• 

Carbon dioxide 

.48% 

! • 4 . 88 % 

Moisture, etc. 

• 

.72% 

1 2 , 34 % . 
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UiidiT dill'eteut climatic conditiotts the same cements 
gave VC 17 much lower results. The grajeh showing the rate 
of absoi'iilion of carbon dioxide was a straight line. 

Portland cement, tlicrcfore, Hiudily absorbs moisture 
from the atnio.spl)ere, and soon becomes lumpy or even a 
solid mass if. exixjsed <,0 damp? It must, therefore, be 
stored m a dry place. 

I'ure Portland cement may be used as’ mortar where 
tlie work remains permaneiUly under water or in wet" 
ground or in enclosed spaces. Otherwise, I’ortland 
cement must bf mixed Ivitb a greater or le.ss quantity of 
sand. 

The sand imrst be sharp, clean and graded from coarse 
to fine, the coais'e jireponderating. 

In making mortar the water should be clean and free 
from acid, alkali or organic imjiurities. 

The quantity of sand mixeil with the cement is deter¬ 
mined by the character of the work to be undertaken. 
One or two parts (by volume) of sand to one part (by 
volume) of cement is only emjiloyed when extraordinary 
hardness, great durability and water-tightness are desired. 
Three parts of sand to one jiart of cement is the jiroportion 
used for ordinary masonry. 

The amount of water used in mixing the mortar is to 
be increivsed or diniinislied according to the requirements 
of the cement. General practice reipiires cement to be 
mixed with as little water as possible, and the mortar to 
be brought to the projier consistency by a prolonged and 
vigorous mixing. 

Mortar is made by first spreading out *Jie measured 
quantity of sand; then (he necessary amount ol ecment is 
spread over it, and the mass stirred together until a uniform 
mixture is obtained; finally, the coirect (jiiantity of water 
is added, a little at a. time, through a rose, and the mortar 
thoroughly worked. 

For oo'norete, the selection of the aggregate is of im¬ 
portance, because upon its strength and hardness depend 
the strength and hardness of the finished product. Where 
a good concrete is required, the stone employed should not 
be infedor in ixrint of hardness to the cement mortar used, 
therefore it is preferable to use OTanite, gravel or hard 
limestone. The use of sandstone,*brickbats and generally 
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any porous stone sliould Be avoided if the concrete is to be 
reinforced or is lilfely to be excused to the inSueuce of 
frost.^ 

The size of the coarse; material should be varied accord¬ 
ing to the purpose.for which the concrete is to be used. 
Ibut should not exceed abofft '2i int4»es in dianipter; it luusl, 
howevA-, in all cases he graded, in order that with the 
addition of the sjtul and cement the void.-, may be properly 
*411ed and the maximum density secured. 

In order that the concret# may afford the necessary 
strength* with the greatest ecopAiiy the ^iroiortions will 
vary according to the'materials used and the* purpose lor 
which the concrete is to be employ ed. Where a very good 
concrete is required, as, for example, iif shi])s, important 
reinforced work or water tanks, the jaujiortions adopted 
may be one ])art (hy volume) of Portland cement and three 
parts graded aggregate. For ordinary purposes, a mixture 
of one part Portland cement, two parts sand, and four jiarts 
coarse material is often employed; whereas, for heavy 
walls, foundations and other siructures, where actual 
strength is not so iinportant as weight and stability, the 
proportions may he 1:3: fi. 

In order to produce a. dens(‘ strong concrete, every void 
must be filled and every piirticle of sand and stone coated 
with cement. If this end is to he a(romplislied,.the mix¬ 
ing, both in the dry state and after the addition of waiter, 
must be very thorough, as it is obviously highly important. 
In large jobs this is usually done by machinery, hut where 
it is to be dbne by Band, the sand and cement should first 
be thoroughly mixed. The stone should then be added, 
and the whole again turned over two or thre* times. 
Finally, the calculated quantity of water must be added 
gradually thiough ti rose, and the whole mass mixed again 
very thoroughly, and iimd immiiliitlrlij, since conoreti- 
begins to set within twenty or thirty minutes. 

No definite rule can be given as to the^amount of water 
to be used, as this will differ according to the nature of 
the aggregate, the purpose for which the concrete is to he 
employed, and the lemfierature at the time of uTixing. The 
necessary quantity must be determined by exjierinaent; it 
will be such, however, that when the concrete is placed 
and tampq^ a little water will just flush to the surface. It 
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should be noted that in r-siuforced concrete it is essential 
that the mixture should be sufficiently plastic to pass be¬ 
tween the reinforcement “^nd to surround thoroughly fevery 
portion of the steel, though not 'so wet as to aljow any 
dripping of the materiaj., " * 

Great impoVtance is attached to tlic careful tamping of 
concrete ijiutil water appears upon the surface, as it is only 
by this means that maximiini density and hardness are- 
secured. 

Where concrete or an yi- form of cement work 1ms to be 
laid on a foundation, the latter sliouKl he thoroughly wetted 
before the former is placed. 

The qualificati(V)s of a good aggregate are that it must 
be clean, graded, hard, and, where occasion demands it, 
fire-resisting. Clean—i.c., free from clay, loam or vege¬ 
table matter, in order to secure the jierfect adhesion of the 
cement: graded, for tlie reasons already given; and hard, 
to impai't strength and to resist ahrasion. In buildings, 
or wherever the material is liable to great heat, all aggre¬ 
gate that expands or splinters under tlie agency of heat, 
such as limestone and dolomite, should either be avoided 
altogether or, if used, broken into small pieces. 

The aggregates most suitable for making good concrete 
are, as already stated, granite, gravel and crushed atone; 
hut other materials, such as coke-breeze, clinker and 
broken brick, may be nsed for certain purposes with satis¬ 
factory results, prnvuh’d carr hr tahen fhat they contain 
no dcMrriom matter. 

Goke-hreeze is often used because of its chetipness. It 
is a good fire-resisting material, but the chief objection to 
it is that it is porous, and may allow moisture to penetrate 
the concrete, which renders it unsuitable for use where a 
damp-proof structure is required, and would be fatal if the 
concrete contained any embedded steel work. Where, 
however, impermeability is not essential, as, for example, 
in partition walls, or in the inner leaves of cavity walls, 
coke-breeze may be usefully employed, provided it is clean, 
free frojn sulphur and from pieces of unburnt material. 

Clinker, like <»ke-breeze, is ligfit and porous, and pro¬ 
duces a concrete which is not so strong as that made with 
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heavier and denser coarse material. It may, however, be 
used f(»' certain purposes provided it is wdi washed and 
free |rom deleterious matter. 

Brobur briok, although porous, is often quite a good 
*material, and produces a^re-resisting conci|te, but great 
care sllbuld be exercised in choosing it, as sora? bricks con¬ 
tain sulphur and unslaked lime. Only a hard-burned 
‘Oiariety should be selected, %nd any plaster remaining on 
the'* bricks should be rerriovedTand excessive dust avoided. 

Slag must be used*\itli ureirt care, as*! contains moro 
or less snlplnir wliicli causes the eoiTosion and expansion 
of the reinforcement. It may be, freei^ from suliihur by 
burning, after wliieli it should he widl washed, and allowed 
to weather for a considerable period in the opim air. 

Some olays, if well burnt ari!, like brick, snitiible for 
concrete where porosity is not a disadvantage, and burnt 
gault is said to have great bre-resisting qualities. 

Ground chalk mav be used as an aggregate where 
great strength is not required and where impermeability 
is not an essential. 

The ways in which cement work may be spoiled by the 
user are numerous, and it may be useful her» to suin- 
niarise the most common mistakes : — 

(aI The use of trai much water during mixing, or water 
carelessly applied, tr an insufficient quantity of water. 

(bl The line of dirty aggregate— i.c., containing earthy 
matter, clay or loam. 

(c) The use of water containing impurities. 

(</) The use of an insufficiently graded aggregate— i.e., 
one containing only coarse material or one with too much 
sand. ' 

(e) The incomplete incorfxiration of the aggregate with 
the cement through insufficient mixing. 

(/) The use of regauged concrete which has bqgiin to 
set. 



226 SAMPLING,'TESTING AND USES 

(<j) Tho renderinff of uement work on <lrv foundations 
and without thoroughly saturating the surface with water. 

(/i) The repeated “ floating ” or trowelling of cement 
surfaces. 

Up to recent years,;! was generally understood that' 
concrete worK could not be carried out during ’frosty 
weather, and, therefore, upon the approach of frost all 
oj)erations of this nature were suspended. In rnodejE 
practice, liowever, such means are adopted as enable con¬ 
creting to be carried on throughout the year. » 

Heat hastens the hardening of concrete; cold delays it. 
Kxpericnce has shown that freezing has no injurious efl'ect 
ujxjn concrete that has first had an opportunity of harden¬ 
ing under favounible conditions for at least 48 hours. If. 
before early hardening has taken place;, concrete is allowed 
to freeze and thaw at short inteiwals, its ultimate strength 
will he iinjiaired; but, as a rule, it will not show any 
serious elTects from having once been frozen if, after it 
thaws out, it is not again frozen until early hardening is 
complete. It is far better, la)W('ver, to protect flu* jiewl\ 
laid concrete from frost for tw’o to four or five days faccord- 
ing to the degree of twld,! than- to expose it to the possibility 
of freezing. 

Wherg concrete work has to be carried on during fro.sty 
wciitber, some method of heating the materials pre¬ 
vious to mixing is es,sentiiil. 

The sand and coarse aggregate may be heated in 
various ways. One method, suitable ."or small jobs, is bv 
the use ol an impnwised stove, such as tin old iron boiler 
or iron leylinder. A fire is lighted within and the materials 
piled around and over it, so that fhe “ stove" is in the 
heart ol the pile. The materials should be frequently 
raked over, .so that all parts of the pile may be e(|ually 
heated. 

Anolher method is that of piling the aggregate on coils 
of perforated steam pijies, and sujiplying a steady suppK 
of steam directly to the materials. If the pile is at the 
same time covered with a tarpaulin or other suitable j)ro- 
tectinq the heat is jirevented from escajiing. 

A third method is to heat the materials in the concrete 
mixer bv* means of steam jets. * 
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Heating the water presents »o difficulty. The simplest 
method is to carr^* out this operation in vessels over » fire, 
hut en large jobs the mixing water is usually heated by 
live or exhaust steam I'fom the boiler: where considerable 
*i|uantitifs of water are vi'iiuiretHite steam is to be pre¬ 
ferred* * • 

I'he oement* forming but a. small pi'n])ortion of the 
^nixture, need not be heated. 

"lihe materials should be heated to sneli a degree that 
t\hen tl#' eonerete is plai'ed the Ij'mperalipv will be about 
o(M)0°. A temperature of abittil 1(MI° F. \yll generally 
prove snilieieni; if higher, there is ilanger of mjiiry to the 
aggregide. • 

,\fter the e(aierele i- placed m position it should be eare- 
fully proteeled. 

'liie operation ol healing the materials has a double ad¬ 
vantage : the eonefi'h- is largei\ salegnarded against IrosI, 
and the hardening process is aeeeleraleil. 

method somi'times adopted tor the (aexention of freez¬ 
ing, and which had a eonsiderahle vogue when this work 
was tirst attempted in cold weather, is Ihi' addition of 
.salt to the mixing water. The principle underlying this 
metlKsl is that certain sulistanees, sneh as eominon salt 
and ealeiiim chloride, when added to water, lower its fn*ez- 
Jiig point. In the ease of salt, each unit per cent, added 
lowers the freezing point one degree. 

This method cannot be recommended. In the first 
])lace, the addition of salt delaxs the hardening ol the eon- 
erete, whereas it is most desirahle that this process should 
be hastened; then there is danger of the corrosion of the, 
reinforcing sled in the jiresenee of salt; and finally, when 
the cold is extreme such a high percentage of salt would 
be necessarv that the final strength of the concrete would 
he seriously affected. 

The production of a waterproof concrete is tlie aim of 
cement users in tr large part of their wore, and that this 
aim mav be accomplished is iinipiestionable. 

The natural method of making a waterprtxif cinicrete is 
to select an impermeable aggregate, so to arrange Ihj sizes 
of its jiarticles and the projiorti^n of cement that, after 
thorough mixing, no voids exist. Concrete so niiide, with 
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conscientious workmanship and reasonable precautions, 
will be waterproof without the addition' of any compound' 
whatever. " 

While no authoritative Ktateinerii has been issued in this 
country by a responsible.technioal body on the subject of‘ 
waterproofiilg concrete, the American Bureau of Standards 
after carrying out tests with forty different compounds has 
published the following conclusions ;— _ ^ 

“ Portland cement mtjrtar and concrete may be made 
practically watertight or. imi)eriii{;able . . .'to any- 
hydrostatic ftead up to 40 ft. without the use of any of the 
so-called ‘ integral^ ’ wateri)roofing materials, hut in order 
to obtain such impermeable mortar or concrete, con.sider- 
able care should be exercised in selecting good materials 
as aggregate, and proportioning them in such a manner as 
to obtain a dense mixture. 

“ The addition of so-called ‘ integral ’ waterproofing 
compounds will not compensate for lean mixtures, nor for 
poor materials, nor for poor workmanship in the fabrica^ 
tion of concrete. If the same care is taken in making the 
concrete impermeable without the addition of vyaterproof- 
ing materials as is ordinarily taken when waterproofing 
materials are added, an impermeable concrete can be 
obtained'.” 

With the same proviso, concrete is perfectly suitable for 
the storage of certain mineral oils. The coarse material 
and sand used must not be of a porous.character, and must 
contain no foreign matter whatever; they must be well 
graded (from coarse to fine, so that there is no excessive 
proportion of ])articles of any one size; and the coarse 
material and sand must be used in such proportion one to 
the other as will give when mixed with the cement the 
least bulk of concrete for given volumes of each of the 
materials when measured separately. Just sufficient water 
must, be used for 'mixing the concrete to ensure a thoroughly 
plastic mass, which will flow into place, and which can be 
consolidated with light tamping. 

'While it is now well established that concrete may be 
used for the storage of mineral oils, its suitability in the 
case of vegetable and animal oils is^ot so clear, since these 
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sire liable to contain fatty acids, which attack the concrete. 
As the result of many tests, it *niay be stated that while 
manjr vegetable oils may be safely .stored in concrete recep- 
twles, the material is njt suitable foif the storage of animal 
oils unless the surface is treated with some acid-resisting 
product. 







Fineness and Sieving. 


CHAl’TKK .Will. 


Possibly the fi».=!t enquily the cement user makts as to 
the quality of the material under notice takes the form of 
a teat for fineness; thus in passing through the manufac¬ 
turer's stores, or* when the first hag is opened on the 
contractor’s works, the cement is mechanically and half- 
uncoDsciously passed through the fingers in order to ascer¬ 
tain the fineness. The coarse j)articles in a cement can 
thus be readily perceived, and the practised tester is, in 
tJiis way, able to gauge approximately the residue present 
in the sample. 

The test of Portland cement for fineness of grinding 
is somewhat indirect, for assuming that a finel.y-ground 
cement is sounder and stronger in test for tensile strength 
with sand briquettes, then such qualities are tmmistakahly 
determinnd in those te.sts. And. further, the apjiaratiis 
used and methods adopted in the fineness tests are not 
considered satisfactory; but since strictly precise results are 
not absolutely essential, the present methods are perhaps 
sufficiently accurate for the purjiose. *■ 

In many of the tests for fineness which have been made 
from tifiie to time it appears that the fine grinding of 
cement very often reduces the tensile strength in neat 
briquettes, but increases the strength when a mixture of 
sand and cement is tested. 

For the past few years there has been a growing desire 
on the part of engineers for a much finer cement, and it 
may he said that the principle of fine grinding is now in 
the ascendancy—an improvement in the manufacture 
greatly in Yavour of the consumer both as regards economy 
in use 'and reliability in B?sult. Much lias been written 
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concerniDg the value of fine cements, but it is necessary 
to explain further what results ure to be exiMJcted in the 
testing and by the*proper use of a finely-ground material; 
foi-. tfliless carefully dealt with and thoroughly understood, 
a fine c^ent is calculafed rather to prejudice the. cement 
%iser against what is undoubtedly superior article. 

yeai% ago the usual fineness called for in 9 tement was 
about 10 per cent, residue on a .TO by .OO sieve (i.e., 2,500 
■JiKjshes to the stpiare inch),•and inuch valuable work has 
beeit done with a cement of this fiiu'iiess in the past, Imt 
to-day the fineness is more likely 4o be 


Sieve 50 by .50 
„ 76 by 76 

., 100 by 100 

., 180 by 180 


Tlcsidue Nil 
• ,, trace. 

.. 3 per cent 
10 iier cent 


The Ihitish Standard S|K'cificalion calls for a. cement 
that shall he ground to comply with the following con¬ 
ditions of fineness;— 

"One hundred grammes t4 oz. approximately) of cement 
shall be continuously sifted for a period of 15 minutes on 
each of the undermentioiK'd sieves and in the order of 
succession given below, with the following resiles :— 

" The re.sidue on a sieve 180 by 180=32,400 meshes per 
square inch, shall not exceed 14 per cent. 

“ The re.sidne on a sieve 70 by 76 = 5,770 meshes per 
scpiare incif, shall ttot exceed 1 per cent. 

" .\ir-set Ijinqis in the sani|)les may be broken down 
with the fingers, hut nothing shall be rubbed* on the 
sieve. 

“ The sieves shall be prepared from wire cloth, and the 
diameter of the wire for the 32,400 mesh shall he .0018 
inch, and for the 5,776 mesh .0044 inch. The wire cloth 
shall be woven f'not twilled), the clotty being carefully 
mounted on the frames without distortion.” 

Too much attention cannot be paid to fineness of grind¬ 
ing, for the finer the cement the more intimately can it he 
incorporated into the aggregate aised for the concrete, and 
therefore the stronger will he the ultimate work. .At the 
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same time, however, the use of a fine cement necessitates 
a more careful study of its properties. 

As has been stated, the test for fineness derives im- 
jrortance from the fact, apparently well established, ‘chat, 
other qualities being equal, fine cement has a much greater 
sand or aggregate carr.v,'ng capncity than coarse cement'' 
has; that is, 'it will show an increa-sed strength with the 
same charge of sand, or equal strength with a greater 
charge. t ^ 

Now, Portland cement,' as delivered by the miShu- 
facturer, consist,s of a mif;‘lure of coarse and fine particles, 
respectively ^nown as “ residue and “ flour,” ami 
the value of a “ floury ” cement consists in this ;—First, 
that the ceinenlitvuis |)ropertv of the material is believed 
to reside prinei])ally, if not wholly, in the veiy fine par¬ 
ticles: and, secondiy, that the “residue" consists of a 
practically inert material, or even possibly so much adul¬ 
teration. This residue—when not an adulteration—is 
found to he a cement (generally the hardest and best 
burned material) that has been reduced, in the process of 
grinding, only sufliciently fine for the water added in use 
to attack the surface of the particles, the interior of which 
remains inactive. If those ])articles were reduced to flour, 
it would he found to he a good quality cement, showing a 
high tensile resistance (see Table B in this chai)ter). 

Two sSmjiles of cement at present on the market, when 
tested for percentages of residue, fine grit, and flour, 
showed the following residts :— 


f’erceut. IVr cent. 
(* 


Besiflue 180 by 180 sieve 

... 12.3 

9.20 

Fine grit from Flourometer 

... 27.5 

35.00 

Flour 

... 00.2 

55.14 


100.00 

100.00 


The ever-increasing fineness to which cement must be 
ground te meet modern demands has now, however, 
reached a point wliere ordinary methods of sifting are too 
inaccurate, and some othdr arrangement must be used for 
separating the finer particles into Afferent sizes of grains. 
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It is trae that fineness of-j;rindint' is not alone to be taken 
as indicating the nualitv of a ceaieiit—certain well-known 
statements to th# contrarv nntwitlistnmlirig—as weaklv 



burned cements will give a larger proportion of fine 
material for the same amount of grinding than'those with 
a harder clinker, though the Ijtter are usually the more 
valuable as cement. 
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A poo(] brand of Portland cement as ground at the 
present time should contsun about 50 to 60 per cent, of 
impalpable flour wfliicli, it has been st'ated, is alone the 
active agency, and full size photographs are here }}iven 
of test j)ats of the residue and flohr of, which a Portland 
ceinent is coni]K)S<;d. ,, 

The propoi-teons of the fine, and coarse particles oM’ort- 
laiid cement are shown in fifteen samples of eenient 
winch were tested for finenc(.s on varying sieves api-■ 
for flour |)ereentage, and the results of these tests'are 
as follows;— 


Biimpia 

N.». 

«• 

o/ 

o 

•W by 

Cii) 

0^ 

Rosiflue 
7fi by 

7rt 

1 

O' 1 

O 1 

RcNiflue 
100 by 
100 

RchkIuo 

180 by 
180 ‘ 

O' 

o 

inf)ur in 
Flnum- 
meter 

1 

Nil 

1.0 

__ 

2.5 

14.0 

02.7 

2 


0.5 

2.5 

14.0 

00.5 

3 


Trace 

' 2.0 

12.0 

58.1 

4 


,, 

2.5 

13.5 

57.0 

5 


0.5 

2.5 

13.0 

05.5 

rt • 


0.5 

2.5 

13.5 

65.0 

7 


0.5 

2.5 

13.0 

55.0 

8 


u.r> 

2.0 

12.0 

49.8 

» 


0.5 

2.0 

I3.<» 

59.0 

10 


Ti'mco 

2.0 

‘ 12.0 

' 55,0 

11 


0.5 

2.0 

11.5 

51.0 

12 


0.5 

2.0 

11.0 • 

63.0 

13 « 

Tnu*t‘ 

1.0 

2.5 

11.5 

5.3.0 

14 

Nil 

0.5 

2.5 

11.5 

66,0 

15 


1.0 

3.0 

12.5 

55.0 


Further, to show the actual adhesive and cohesive 
qualities of the fine and coarse particles of which Portland 
cement is foinposed, some grinding tests are here given 
showing the neat tensile strains of a cement as delivered, 
and the residue and flour tests of the same cement. 
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Tensile Tests of Neat Cement, Floi’b .anh Eesidi es. 


- 1 — 

DKKHption of Sample 

7 days 

2S days 

1 • 

Remarks 

• • 


1 


^m«lt u Braww ... 

. 740 

1 ,.8IK> 

Keai (Vnient. ganged 

a 

i:a) 

j 850 

18% wHtcr. 

« 

700 

I 900 


• 

in !^. per sq. inch ... 

%.to 

880 



• 



RttldOd on 100 hy UKI sieve •.. 

30 . 

;• .70 

ifeat (’ement, ganged 


».'> 

m 

with 10*^^, water. 


40 

1 30 


Average in Ihs. per wp inch ... 

35 

43.3 

1 

• 

Reildnooii IHO hy ]8() sit^’c ... 

70 

110 

Neat Cement, gauged 


7‘) 

! no 

uilli 10% water. 


80 

ilo 


Average in lbs. per sq. inch ... 

73.3 

no 


Cement paased tlmmgh 180 by 




180 sieve 

040 

700 

Neat tViiu*nt, gauged 


715 

! 700 

with 18% water. 


780 

j 810 


.Average in Ww. per sq. inch ... 

711 

i 770 


Flour fmni saiiie 

520 

000 

N(*at Cement, gauged 


525 

035 

with 'gJ% water. 


fwO 

045 


Average in lbs. ]>cr sq. inch ... 

532 

027 



The conditionsresultin}; from the fine {•rinding of cement 
may be stated as follows :— , 

(1) A fine cement is used witli greater safety in work. 
This is confirmed i)y the fact that the, materioj is nearly 
always able to withstand the hot tests for soundness, and 
this again is due to the fact that* the atmosi)heric lAoistiire 
—or even the water used in gauging—at once attacks any 
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nncombined lime, and thus renders uitimate duintegration 
practiciilly impossibie. A phot(^p*aph is here given of a 
coarsely-ground cement (15 per cent/ residue 76 by 76 
sieve) wliicli lias been subjected to a steam test and may 



be coinpaned with a test pat of the same sample of cement 
when re-ground so as to pass through a 76 by 76 sieve. It 
will be noticed that the amrse samjde shows a serious dis¬ 
integration under heat, whereas tl;jp finely-ground sample 
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has withstood the same test without showing any sign of 
unsouadness. i 

(2> The fine grinding of a cement renders the material 
of a quiok-Mttin< nurture (this, hfiwever, should not be 
tconfounaed jvith ’what is ignorantly termed “ hot ” 
cement); the cause of this (juicTf hardening, being tliat 
the water used iy gauging acts more readily on the soluble 
.jwrtions of the material nof laid bare by the filler grind- 
injii, it must be noted, Jyiwever, that finely-'-round 
cement!* have a common lendenct to develoj) oontPMtion 
oraoks when made up into tasf pats mftess sjieciiil pre¬ 
cautions are adopted to prevent them, owiitj; to the ex¬ 
cessive [iroportion of water required to make a paste. To 
illustrate this [ajint further, three phofogruphs are here 
given of test pats of a fineh-ground cement containing ! 
per cent, residue on a iti hy 7(1 mesli suwe and 53 per cent, 
ol flour. I’liite t shows the neat cement psit wliicli, when 
gauged, was enclosed in a damj) box to set, and is thus 
thoroughly sound. Elate 2 show.s another pat of the same 
cement placed in the air to dry, and wliich has developed 
some contraction cracks. Elate 3 is a <|uite sound test pat 
made up ol a mixture of the same cement and sand in the 
projjortions of one and one and treated under tiie samo 
conditions as the unsound [lat in Elate 2. 

(3) b ine cement is found to develop its tensila strength 
in much shorter periods than a coarsely-ground product. 

(-1) One of the effects of the increased use of finely- 
ground ceyient is pow very often seen in concrete work, 
and more particularly is tliis the case in the preparation 
of granitic fir other floor construction work in concrete. 

, There is no doubt tliat it is the aim of all thoSe wliose 
business it is to lay concrete floors to give an absolutely 
smooth and true surface. This is very pleasing to look 
upon, and credit is {Generally given to the pavior who gives 
the best and truest finish, but the frequent result is that 
the upper surface of these floors easilyvwears away, and 
causes a considerable amount of “ sanding ” or “dust¬ 
ing.” In these days of finely-ground cement, it is un¬ 
wise to do so much surface trowelling, for this^is undoubt¬ 
edly the cause of the defect. • If the granitic surface is 
once trowelled, then an excellent wearing surface results, 
and the upper layer of concrete in the granolfthic will be 
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from 20 to 30 per cent, struuf'er. • In (be case of the setting 
of a finely-ground* cement being interfered with by over- 
trowelling—which, by the way , was jflmost im}H)ssible with 
the old ,coarsely-groun(f cement—tlien a- “dusting” sur- 
•face is bound to re'sult. , 

In oonsidering the neat ten.sile strength trtit* of a finely- 
ground cement ..therefore, it will he fdiiml that, there are 
•tjnly slight dilFerences bet^teen the three and seven days’ 
tes«B. This is the result of Hte active partii'les being the 
more readily and immediately e^tacked lifter the ganging 
of the briquettes. • • , 

The following .schedule of tests shows the neat and sand 
(ensile strength results of three eements,groimd to varying 
degrees of fineness, viz. — 

T\blf. .\. 


i 

! “ 

1) 

(• 

PtTfenfn}:i‘ «>f (Vnifiil pnttsiny ISO I»\ iso | 

llh-fth «H'\C ... ... ... ... i 

1 

1 

i 80'\, 


iH)»„ 


i Mh*. per Ki|iiar(' inch 

IVnhilf fitrfru'lli at 7 tlavN nt-at . 1 

IbVi ! 

aSO 1 

1 iHp 

Ditto, at 28 ... 

72.') 

(170 

• 

a^.7 

Ditto, at MIX inoiilliH 

7‘.K» 

72(t 

740 

al to 1 Sami aiwl (Vnu'iit at 7 day.s 

1 220 1 

2(m 

320 

• • 

Ditto, at 28 (lavs 

1 2.70 ! 

1 :i2o ' 

' ;tso 

• 

J)itto, at six itionthh 

3;io 

! 4g0 

480 


Other results as to the effects of fine grinding on cement 
arc here tabulated. 

T.\nui B.—28 D.us’ Tests. S.4Nn .vnu^Chme.nt 3 and 1. 

With w'liU'tit as rwrivrri ... ... ... iil..'!lbs. tSTsq. inch 

Same Cement re-griiund te pass tlmaiqh 1(H) tueah 
sieve ... ... ... ... ... 422,5 ^ „ „ 

Same (Vmient re-gn)und to pass throueli ISO na-sb 
sieve ... ... ... ... ... 4(i.5.0 , 

Cement Hour ... ... ... 491.0 „ ,. 

Fipur from re-ground residue ... .. ... 081.5 ,. 
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These experiments wefe, however, made with an ex¬ 
ceptionally poor cement, which, when leceived, contained 
only ’iS-OO per cent, of flour, the residue on a 76 Ly 76 
mesh sieve being 10 per cent, and on a 100 by 100 mesh 
sieve 19 j)er cent. The sand u^d in the tc;?t8 was made 
from Portland stone, and had been passed through 20 by 
20 mesh sieve and retained on a 30 by 30l,sieve. 

The value of a giod qualily^^ modern cement (Table C.) 
containing 5B ikt cent, oj flour ” may be here de¬ 
monstrated by comparing the result of its tensile strength 
tests with those of other ■well-known brands of English 
cement (Tal?le D.), but more coarsely ground. 


Table C. 


FineneKH 

FUmr 

3 tSand to 1 (Vmpnt. 1 in. by 1 in. SPCtUm 

7 (lays 

14 (lays 

38 flays 



rt% i(io» 

5H% 

310 

320 

370 

1 % 


310 

320 

300 


300. 


3.30 

Hil 60* 







300 

340 



2B0 

280 

300 


Avorajifi* 

300 IbH. 

.3001 IbB. 

345 lbs. 


Table D. * 


Finenees 

Flour 

3 Sand to 1 Cement 

7 days 

, 1 in. by 1 in. section 

28 days 

14% 100‘ 

1 

187 lbs. 

245 lbs. 

8% 76* 


183 ., 

278 ,. 

4% 50* 

” 

240 

297 „ 


Average j 

2031 lbs. 1 

- ■■ _! 

2721 lbs. 


Again, the following are somedests of another sample 
of cement 76 per cent, of which passed through a 200 by • 
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200 mesh sieve. The briquettes were made of one part 
cement and three jwrts standard %and by weiglit, viz. ;— 

• . lbs. per Hquare iaoh 

• * 7 flays 2a flays 

(j|tuent as taben fn>m liajf ... ... 343 ... 400 

KOTiatiti ftii 200 mesh sieve ... ...• .. ™ ... no 

Cemeiil isftsetl tlmfugli 200 mesh sif'Vf‘ ... ^ ... 501 

• . 

• 0 

Will thus be seen from thj results of these tests that 
the coarser particles of clinker absorb water very tardily 
and are praeticiilly inert and liiv^ very feeble cementinj; 
propertie.s. • 

.\s to the deiinite action and results of hifjh perwntaf;eB 
of the coarser jiarticlcs in cements there seem to be many 
theories, lint little knowleflf>e is available at present, 
since eomlitifins vary to siieli exti'emes. 

There is no doubt that the character of cement residues 
is ffoverned entirely by the metinais and materials and 
processes used in the manufacture of each identical sanqile; 
and further, it cannot he said at what iioint of fineness 
};rains of cement heyin to have a cementitious value, but 
it must he conceded that the coarser particles in a cement 
slake far more slowly than the cement flour. IN'ith the use 
of fine cements, therefore, there is the advantage that 
expansion will occur earl.\ in the jirocess of hardening if 
it is to occur at all. 

The ground product from a. rotaiy kiln may be divided 
into (at flour; ili} conqiaratively large pieces of clinker 
grit retained on the ft((l by 180 sieve; and (r) fine particles, 
small enoughato pass through the 180, but which are, 
nevertheless, particles of hard clinker grit. It is shftwn by 
tests that the fine grit (c) gives high expansion figures, 
whilst both flour and residue give rise to only a verv 
slight divergence of the needles of the Tie t'hatelie.r mould. 

The changes under the influence of boiling water thus 
observed in the three different stages uf grinding are 
as follows:— 

(a) At the time of gauging the cement the particles of 
flour, so-called, are hydrated more or less completely. 

(b) Particles of clinker grit of‘conqiaratively large size 
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are not hydrated, except perhaps on the surface, and act 
throughout as inert niateHal. 

(c) Particles of fine grit (clinker), which are,email 
enough to pass the IbJ by 180 ines'i sieve, are only partially 
hydrated at the time of gauging. The cement then set,* 
lianl, but vnder the irrfiuencx- of heat, when the block is 
boiled, the hydration of these small particles continues, 
with coiise(|uent expansion, ynless the com|K)sition and 
burning of t'ach itarticle are perfect. 

In a test made on a portion of the sample fropi which 
the fine grit was taken, iivdinling t(ie wliole of the residue 
on the 180 sieve, it was slatwn that the original cement, 
boiled for six hours, expanded 20 mm. The cement minus 
the fine grit expanded ft mm., and after seven days’ im¬ 
mersion in cold water the expansion was 8.5 mm. 

Hut to imagine that such an experience as related above 
would be found to be the case in all cements is quite a 
fallacy, and as before stated, such results may not be con¬ 
firmed by further experiments with an average nnnd)er of 
samples of rotary and other cements made by other 
methods and other machinery. An instance of this un¬ 
certainty in the results due to the exi)ansion of the “ fine 
grit ” particles in cement land from further tests carried 
out on the lines of the before-mentioned experiments) is 
shown i.i the following tests of three other sanifdes of 
rotary kiln cement. The results then are quite 
contrary to those previously referred to, and from tliese 
results neither the difference in fineness of grinding nor 
the aeration of the cements seems to make any marked 
difference in the expansion as shown by the Lc Chatelier 
method of testing for soundness. The samples of rotary 
cement here referred to were laid out J in. to -1 in. thick 
for aeration, and tested at varying periods, with the stated 
ivsnlts. 

It will he apparent, therefore, that although in some 
cements it majt be found that the “ fine grit ” is a 
dangerous and expensive element, with age, yet in other 
cements both from rotary and stationary kilns the fine grit 
particles have no disturbing element at all after aeration: 
so it must again be said that the function of the coarser 



FINENESS AND SIEVING 

i 5-11 Is?; i S •’ 

■ »0 g ' ^ 

. ‘ i i•- t ’ s s'" ^ 

8? ' {•Z » B 0 

O'# 

*1 i . IIS’ i g ■-* «! «? 

• iS « • 

S ‘ 2« SC 8^ d 9 *®. 

« i a'“Si s “ ’ 


® .p# ® -X ® 

!j.t C » - 

® 2. E u 


c ^ o 

-H M 


g 0*0 9 

-* <-« ©I 


|.T Sl^ 

fi {r ' 2 ^ 

«S; Wfl^ 


% • 

I s ~ ^ ■ s 

■I »* 5 <3 —I 


: c 2 • »• 

! ciS, 


g c q q 


g Sir m: ifs 

a - - 


I “3 9 {!: 


a «^ © 

g ©4 ©4 ©1 


I « 3 g 


S? S« S9. 

rs « «j 


< m o 



244 FINENE{5S AND SIEVING 

particles in a cement is determined more by the conditions 
and methods of manufacture in the product under notice 
than to any certain and definite result which is to he ex¬ 
pected from all cem'onts of whatever manufacture or pro- 

C(‘SS. 

In a rece^^tt investigation relative to the influence of 
varying proportions of line material in .IVtland cement, 
the most striking results,, were those‘in which the 
effects of normal cements, with 17 {an- cent, and v'^'per 
amt. residue resjiectively on a IBOxJKO sieve \^ere com¬ 
pared. The results holiiw are the.aveiage of five tests of 
each material, the briquettes being comjiosed of one part 
of cement, 3 parts of normal sand, 2 per cimt. of jilaster 
of Paris, and 8 per cent, of water. 


.SniESOTH IK Lbs. pbb .Squbkc Incu 


Hefiiduo on { 
180 fliVve I 

7 days 

1 

28 days 

1 

1 3 months 

1 year 

17 per cent. 

.175.9 

437.4 

529.7 

i 

5W.0 

2 por cent. 

416.0 


670.5 j 

617.7 


The accompanying curve illustrates the.sc results, and 
shows still more clearly the benefits to he obtained by 
grinding the cement so as to leave as small,a residue as 
possible on the 180 by 180 mesh sieve, which is at present 
the standard sieve for the testing of the fim-ness of Port¬ 
land cdment. 

Where a neat cement for any detail of constructional 
work is used, the same results as would be obtained with 
‘a coarsely ground material must not be expected from a 
modem finely ground product; and since a good pro{)ortion 
of residue is now done away with in first-class cements a 
mixture of sand may be necessary to ensure against the 
contraction cracks which would probably develop in a fine 
cement if used neat. 

The ]K)ssihilitieK of economy and iiicrcu.sed efficiency in 
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tlip fine grindinj; of ceujents are,!))’ no means sufficiently 
appreciated at the |)resent time by cement users; and it is 
not oterstating the case to say that by using a finely ground 
<'ement, with a judiciofis admixture of sand, flte con- 
iractor's worlj ciin’he I'ai'iied out far more satisfactorily, 
and at Jess cost than with coarser’cements. • * 

It has been shown, then, that the |iro|)ortion of flour 



•'sTHh.SUTll 'J'k.sts of Ckmk.st at a Vahfinu Kinbnksb. 


and I'csidiie contained in a cement is ajK)int of material 
importance; .ind after the percentage of each has been 
iiscertaincd in a given sample an intelligent as well as an 
economical use of the material should follow I'rofti a know¬ 
ledge of the manufacturer’s increased expense in jiroduc- 
tion, and the reduction of the vvorks’ output in supplying 
a finely ground product. 
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Thus from what has teen stated, it w’ill be seen that 
the test for fineness should be directed (to determining the 
proportion which is very fine rather tlian the rasidne 
above a certain size,'and this points to the way in which 
tJje fineness test sliottid he carried out'. , t 

While it .is-generally recognised (hat the finer s'enient 
is ground (he greater is its cementitious value (the 
coarser particles having littre or no setting propetjy 
ncrording to their rcsj^ctive sizesl. all the reseapches 
wliicli have been niade^jn connection witli therfineness 
of Portland ceihent convoy very little information with 
reference to' the effect of fineness of grinding upon the 
strength of concrete. This deficiency has recently been 
jiiade up in some measure by the results of five series of 
tests conducted for the .American Portland Cement 
.Asstaiatiori at the Lewis Institute, Chicago. 

Covering a ]K‘ri(Kl of over four years, the investigation 
com))rised some 6,000 compression te.sts of concrete, 
t),(X)0 cotnpre.ssion and tension tests of mortar and 
several thousand miscellaneous tests, fifty-one different 
samples of cement being u.sed, ranging from 4 to 7 de¬ 
grees of fineness. Tt is evident, thert'fore, that the 
results of the tests afford an adp(|uate basis for the 
drawing of reliable conclusions, chief among which are 
the follow ing:— 

(1) There is not necessarily any relation between the^ 
fineness of the c-ement and the strength of the concrete, 
if different (inalities of cement are conuidered. ■ 

(2) As a general rule, the strength of the. concrete in¬ 
creases r/ith the finetiess of a given lot of cement, for all 
mixtures, consistencies, gradings of the aggregates and 
ages of the concrete. 

(3) Cements with residues lower than 10 f)er cent, are 
inclined to give erratic results in the strength tests, but 
for residues highbr than 10 per cent.. the strength of the 
concrete varied approximately in inverse proportion to 
the residue on the 200 mesh sieve. 

(4) Finely ground cement is more effective in in¬ 
creasing the strength of poor rather than rich mixtures. 
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(5) Fine grinding ig more effective in increasing the 
strength of concrefe at 7 da 3 s tlian at from 28 days to a 
year. , ' / 

• 

(ti) The defreased henetit of fine grinding with the 
age of tlie concrete does not l)ear ont accfiffed opinion 
* . that the coarser’particles cement ilo not hydrate, but 
Indicates that the princi|ial result of finer grinding is to 
hasten tjie earlv hardening of the concrete. 

.• 

17) For the richer mixtures and the* consistency 
necessiiry for Imilding construction, the lineness of the 
cement has no appreciahle elTwt on the workability of 
tile concrete. 

(8) The normal consistency of concrete increases with 
the fineness of the cement, and about 0.1 per cent, of 
water (in terms of the weight of the cement) must he 
added lor each 1 |H'rcent. reduction in residue on the 200 
mesh .sieve*. 

These results of the experiments snpisu't the view that 
the ultra line grinding of cement is a feature that has 
few real or permanent advantages. Fine grimling in¬ 
creases the strength of concrete at early dates, bnt the 
merits ol fine grinding at iiericsls exceeding a month are 
not so prononnceefi and the constructional engineer is 
more concerned with the .strength of tlic conenUe at ages 
of two months and onwards when he applies the full 
load to his work. • 

( heinical composition has a greater elfect u|K)n quality 
than fineness of grinding, c.r/., one brand of cement with 
a raw residue of J5 |)er cent., and cement residue of 13 
per cent., is found to be as good in qualil^v, or better, than 
another cement with raw and cement residues of 4 per 
cent, on the 180 sieve. 

It has been generally accepted in this eolintry that 

the finer the cement the greater its strength when 
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mixed with sand and iifj'regate,” and this belief has re¬ 
ceived sii(>|xirt from results of investigaliions recently made 
by the American Society for Testing Materials. * 
Starting from a basis of cemeftt having 20 2)er cent, 
residue on the 20(1 x 200 rneslj sieve', andiupon investi^ 
gating the,.u')m|)re.ssivc strength of concrete itrixtnres 
varying from (i parts of aggregate to !) |mrts of aggregate 
per jiarl of cement, it has betai establisheft that for eaolt 
degree of improved fineners the following increasf*s' of 
.strength occur : — 


7 dsys 
20 ., 
90 „ 
J80 ., 
.‘iOO ,. 


2.0 |)crcent. 

1.8 

I .-1 ,. 

I.l ., 

1.0 .. 


'I'hiis, concrete containing cement with a residue of 
15 j)er cent, on the 200 tnesli sieve is 5 per cent, stronger 
at a year than similar concrete' containing similar cement 
with a residue of 20 )ier cent, on the 200 mesh sieve, 
and at an age of 7 <lays tlie concrete is 11.5 jicr cent, 
stronger. 

I here ^\voidd, of course, be a limit to this ratio of in¬ 
crease in strength, and the calcidation is, therefore, no 
doubt, intended to apply to j)ro])orlionately small inereases 
in the fiiK'ness of grinding above the shmdai'd given. 

Keverting to the fineness test, the sample of cement 
for sieving should be a ejuantity weighing IVM) grams as 
perhaps (She most convenient. The weight in grams of the 
residue then remaining on the sieve represents the per¬ 
centage retained by that particular sieve. A convenient 
size sieve for this test is about Sin. in diameter. The 
manner in which the shaking is carried out determines the 
length of time recpiiredfor the operation; some 15 minutes’ 
gentle and continuous tapping of the sieve on a table 
should. hoY^-ever, l>e found ami>le. 

The BieveB used for the test should be frequently ex¬ 
amined,'under a jnagnifyitig glass^f possible, to see that 
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no wires are displaced, leavinj; apertures larger tlian tlie 
normal. 

This sy.stem of determining the /inene.ss of Portland 
cement by the percfnta/Je of residue on a ciertain sieve has 
- hetfn subjected to much en- 
;)uiry and argiAiftnt, chiefly 
on account of the variations 
found in tlie thickness of 
wire of which the gauge of 
the sieving ig manufactured. 

•In tliis counij’y there had 
been no general standard of , 
size for tin? wire until the. 
British Standard S])ecifica- 
tion gave such details, nor 
was there any agreement as 
to how long the actual 
sieving process was to be 
continued. This has, how¬ 
ever, non been t'lcarly de¬ 
fined, and the importance of 
the thickness of the wire 
used in sieve-making is ob¬ 
vious when the difference is 
Cemknt Testinu .Sieves, observed in the Asults of 
the tests for lineuess by two 


sieves of the same nund)er of tneshes |jer square inch, but 
which difleiiinateri»lly in the size of the wire; the reason, 
of course, being that the apertures are much smaller in 
one case than in the other. « 

Since, however, it is desirable to know the percentage 
of actual flour in a given sample, according to the 
different classes of grinding machines used in the fwooess 
of manufacture, an apparatus has recently been devised 
for this jiurpose, and is illustrated heref. The machine 
was designed with a view to putting the estimation of the 
flour content on a “ cpiantitative ” basis, and,is termed 
ilie Flourometer. The principle of this instrument is 
simple. A definite amount of cement is “ washeJ” free 
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from “ flour ” by a current of air, and the non-flour 
residue is weighed: the difference b<^ween the origins! 



Twf STANDAKU KLOtBOMETER FOB THE EbTIMAIION OF THE “ FlOCR ” 

IN Cement. 

4 

and the final weights giving the proportion of the flour 
presenf. 
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. The Flouifcmeter has thus been 
assigned to overcome some inconven- 
ience% found during the practical work¬ 
ing of the tqpt with an earlier flouro- 
iiieter Apparatus. The new pattern 
may be said to be almost*automatic; a 
• weighed |amplc of cement having been 
placed in the instrument (F), the bell 
of the aerometer is raised to its full 
extent, a stqijftock is apened and the 
apparatus can then be left without 
attention. In ten minutes time the • 
ksS3 separation of the fl(fur will be com-* 
pleted, and the residue will be found 
collected in a small removable glass 
receptacle (It). It then only remains 
to weigh the residue to determine the 
percentage of flour contained in the 
cement. To make another test it is 
necessary to replace the residue receptacle 
and proceed as before: there are no 
screws or washers to be fitted and arranged as in the old 
pattern previously introduced, and in consequence far 
more tests can be made in a given time. , 

Befjeated tests with this Flourometer have conclusively 
proved that its results are more accurate than those of the 


original pay;ern; farther, there is the saving of time, ten 
minutes against three-quarters of an hour per test, the 
elimination <tf the need for constant attention, and the ease 
with which tests can be made rapidly one after another— 
points which will find greater appreciation than resulted 
from the introduction of the first Flourometer. 

For ensuring the economical working of Griffin, Ball 
and Tube, and other fine-grinding mills an appliance of 
this kind is valuable, as it enables testa to be made at 
frequent intervals, and indicates how the mill may be 
adjusted so as to give a maximum of jwwder.of the re¬ 
quired fineness with the expenditure of a minimum of 
PQwef. 


Tests for Bt^shel Wefght and Specific 
, Gravity. 

CHAPTER XIX. 

« 

Thu present period of tlie fine grinding of cement has 
rendered useleS. and mtd? obsolete the old-time tests of 
"weight jKir bushel." So long as all cements were 
ground to about the same degree of fineness—a degree 
wliich, by the \va*y, was not to be compared with the fine¬ 
ness of cement now put on the market—the requirement 
that a cement should weigh a specified number of pounds 
per striked bushel was found fairly satisfactory when 
made workable by uniform methods in carrying out the 
test. In some specifications even now one may find it 
stipulated that the cement shall weigh “ not less than 
112 lbs. per striked bushel,” and qtialifying details of the 
test are added as to the way in w’hich the rneasui’e shall be 
filled, viz., from a hopper about 18 inches above. 

The weight of cement per bushel was a test first used 
in the swies of cement tests, and its object was doubtless 
to ensure the material being of a well-burned and un¬ 
adulterated quality. ' The test was in vogue when what 
was prasumed to be a heavy cement jvas moye in favour 
than a light cement, without regard to fineness; but its 
continued use to-day would only be of value“if the bushel 
tests wece of a graduated scale, according to the fineness 
of the grinding, for the finer a cement is ground the more 
bulky it is, and the less is its weight per bushel. Contrary 
to the old exjmrience, therefore, the weight per bushd 
of cement if demoded to-day should be of a reduced 
quantity. Rotate kiln cements are, however, generally 
and com])aTalively heavy in weight per hnshel. 

As the call for a finer cement increases, the weight of 
112 to 120‘]b8. per bushel, once easily attained cannot now 
be reached, and the weight of a well-burned ordinary 

( 2 . 12 ^ 
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cement ground fine enough to pass through a sieve having 
5,776 meshes to the square inch ^76 by 76) will be about 
105 to 110 lbs., anb 110 to 115 lbs. h' a Eotary cement. 

The weight per bushd test is nov/sometimes used by 
contractors who ara in tlie habi^ of employing cement by 
Jheasure, and •they thus disire as bulky a piyc^jict as £)os- 
sible, ilfoviding its tests in other ways are good. The 
weight test mt^’,'therefore, |till have its sphere Of utility. 
%«\yhen the test is used, therefore, it must be carried out 
with*care, as there is a considerable personal factor to be 
reckoned with. The. old nietjiiils of (fcterinining the 
weight of cement per bushel consisted of apjiaratiis so 
arranged that the hoppers have no direct coinimmicatioiT ' 
with the bushel measure. The cement fims falls into the 
measure at a uniform rate and to an equal density, afford¬ 
ing comparative determination between the weights of 
different brands of cement. 

The quality shown in checking the weight of cement 
was later, however, generally asceitained by calculat¬ 
ing its speoifio gravity, or the weight of cement as 
compared with the weight of an equal volume of water 
or other standard substance at the same temperature and 
pressure. This test is carried out with facility by one or 
other of the simple appliances which have been devised, 
and the results are immediately known. 

The specific gravity of Portland cement which has not 
been calcined at a sufficiently high temperature, or which 
contains a considerable portion of free lime, varies from 
‘2.9 to 3.05, and a gbhd cement when freshly ground usually 
has a specifig gravity exceeding .3.10. The age of the 
cement to be tested must first be taken into aciount in 
appreciating the value of this test, the re.sults of which 
• are found to decrease according to the time the cement 
has been in store, because of its absorbing carbon dioxide 
and water vafxrar from the atmosphere. Most freshly- 
ground cements have a s)jecific gravity above 3.10 and an 
aerated cement can be brought back to its orginal condi¬ 
tion by heating to redness for a lew minutes, and so 
driving off the moisture and carbonic acid gas absorbed 
since being ground. 

A high specific gravity does not, mowever, nece88aru.Y 
prove a cement to be of high quality; for an adulteration 



TESTS FOB .WEIGHT 


‘25i 

may be added, such as slag, which does not appreciably 
reduce the specific gravity. Generally speaking, however, 
the specific gravity test has a value in 'that other adulters^ 
tions moat likely tcN'be practised^^ and most to be /eared, 
are made with materials which reduce the specific gravity; 
and the test is also said to be «ometimes uoeful in detef- 
mining an under-burned cement which may fafi below 
3.00, or. an over-burned product. The tjest for specific 
gravity is of value when care is exercised in the ascev 
taining of results, and ahhough rarely adopted ds an 
ordinary test by winmit users, yet with the ‘accuracy 
of the ialx)ratory, where the necessary ajvpliances are at 
hand, a reliable result is readily obtained. 

The chief cmses likely to affect test results, and, 
therefore, to be guarded against, are as follows :— 

Incorrect weighing of the cement sample for test. 

Variation of temperature during test. 

Waste of cement in filling apparatus. 

Air bubbles. 

Some authorities find that owing to absorption of water 
and carbonic acid (having specific gravities of 1.0 and 0.88 
respectively), the specific gravity of cement decreases with 
age, or after aeration, but it is surprising that, after 
ignition at red heat to expel the water and carbonic acid 
and to reduce the material to practically the same con¬ 
dition as regards these substances as when it left the kiln, 
the specific gravities of various (jernents were so nearly, 
identical as to render the test of little or no-value as an 
indication of quality. The results of preliminary experi¬ 
ments with thirty different cements, having specific 
gravitie's varying between 3.026 and 3.138— i.e., a differ¬ 
ence of 0.112—^showed that after ignition the specific 
gravities differed by only 0.016, which is well wthin the 
range of experimental error in ordinary technical deter¬ 
mination. 

In order to test the generally accepted theory that 
specific gravity is an indication of the degree of calcina¬ 
tion, twenty-eight samples of black well-burned, and 
yellow under-burned clinker from the same kiln or charge 
were obtained by Mr. I>. B. Butjer from various works, 
and the specific gravity of each sample was ascertained 
(1) in,the condition in which il was received, a®d (2) after 
ignition at red heat. The results showed that all the 
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yellow under-burned samples, when they had absorbed 
any appreciable amount of water and carbonic acid, had 
a much lower specific gravity thair the well-burned 
samples, but that af*er ignition at red heat the specific 
gravities of the well-burned and "under-burned materials 
were practically identical. 

The specific gravity clause is no longer included in the 
British Standard Stwcification for cement, and a labora¬ 
tory can probably make no greater mistake“than to reject 
a cement on the ground of .'ow st)ecific gravity alone un¬ 
less it has been asceilajned that this low gravity will 
actually affect tbe ((iialitv of the work. An abnormally 
low specific gravity in cements is caused by the presence 
,(>f water combined or absorbed, by under-buniing, or by 
adulteration or blending. Now wliere a low test is found 
it should be at once the work of the laboratory to discover 
the cause of this condition and not to condemn the cement 
outright for a quality that may be actually beneficial. 

It is well known that the absor))tion of moisture during 
the process of seasoning will cause a considerable lowering 
of the specific gravity. 

Another series of tests was recently made on this point 
by taking samples from bags of cement which were ex- 
])osed to the ordinary air of the laboratorv and making 
weekly detei'ininations of the siwcific gravity and 
monthly determinations of the strength. The cement 
as )-ecorded was comparative!v fresh, and gave a gi'avity 
of 3.12 as it sttsal and 3.17 after drying at 212 degrees F. 
At six months it gave 3.0!) nndried and 3.16 dried, in 
one year 3.(X) undried and 3.14 dried, and at two years 
3.00 undried and 3.0!) dried. At all periods the values 
from the ignited cement were practically the same. The 
strength tests on these cements w'ere satisfactory up to 
one year, after which time they ran rather low, the best 
tests—showing the most satisfactory' increase in the 
curves—being those of six months, althongh at this 
point the specific gravity was below specification. 

The first esential, therefore, on finding a low gravity, 
is to ascertain by drying, igniting, and by moisture deter¬ 
minations how much of it is due to the ageing or seasoning 
of the material. If such fs found tp be the cause, and at 
the game Ijme tlie strength tests are satisfactoiy, there 
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certainly is no reason for rejecting a material probably 
safer than the average. • 

If the low 8j)ecific gravity is not caused by ageing, it 
shoufd be fhen exanuned for adul^rations, and if not 
adulterated, it is probUbly due to under-burning, which, 
•if existing sufficiently to •:alIse^u^soundness, should make 
the mSterial unfit for use. If the results fcf’tlie s[K?cific 
gravity test are'thus investigated tlie test becomes one of 
^■onsiderablc interest: a .*ngle deti'nnination, however, 
without further stiHly is alnifl.st valueless. 

Othef cement testers have giv*n a veryi careful study to 
tlie utility of the specific gravify ter-t of Portland cement, 
and it has lieen maintained that the test is of no value* 
whatever in detecting under-burning,* as under-burned* 
cement will somelinies show a sfiecific gravity much 
higher than is set by the standard specifications. Under¬ 
burned cement is, however, readily and pronijitly detected 
by the soundness tests, and no others are needed for this 
purixise. 

Again, the value of the specific gravity test as an in¬ 
dication of adulteration has been much exaggerated, for 
while a large admixture of any light adulterant with the 
cement would be shown, there is at the same time much 
slag and also other foreign materials which could be mixed 
with cement in large quantities without lov^ring the 
Sfiecific gr'avity below the limit prcviouslv allowed by the 
standard sfiecification. 

It then appears that low specific gravity is usually 
caused by seasoning the cement or the clinker, either of 
which impnwes the firoduet, and again the proposition to 
ignite the cement sample which falls below spoicification 
and determine the specific gravity ufion the ignited 
portion is of little value, because adulterated cements 
also have their sfiecific gravity very much rai.sed by such 
ignition. 

Too much importance must nftt, therefore, be attached 
to the specific gravity test and results, and before condemn¬ 
ing cements under this test an intelligent investigation is 
first necessary as to the cause of failure to com? op to the 
prescribed weight. 

A large number of appliances nave neen uevisea lor 

. • B 
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carryiiiff out the sjiecific gravity test, and a brief 
description, together with illustrations of those more com¬ 
monly in use in this country, is given ’/ere. 

MANN’S GRAVIMETER. 

I'liis appar/itus, one of the first used for the test, consists 
of a small glass beaker, whiel* is to he tilled with 1,000 
grains of cement. 



The graduated pipette held above is filled to the uairk 
]■} with paraffin—this being the cheapest mateiial which 
docs not act on the cement—and tfie paraffin is then 
filled into the lower vessel until the contents reach the 
jiiark A., 

The height of the column of li/piid remaining in the 
pilwtte determines the si)eeifi(! gravity, which can be at 
once read off the stem, the size and giadiiations of which 
are sj/ecially prepared for this test. 

KEATES’ SPECIFIC GRAVITY BOTTLE. 

The ordinary specific gravity bottle affords as correct a 
result as can be wished,.hut necessitates a knowledge of 
the specific gravity of the li/piid %mployed for the test. 
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Here the upper bulb of the apparatus is of known 
<-a])aeity grains), and the‘vessel is filled with liquid 

(generally turpenlUue) to the mark A and weighed. 

The cement is then^ introduced *ntil the level of the 
liquid reaches B, when it is weighed again. 

• The difference of weigtiing is <added cement, and the 
specific gravity is calculated thus :— * ' 

The capacity of the tot*bulb bctuccii marks A and 13 
'is 1,000 grains water measure, which equals G4.8 cubic 
centimttres, i.r., 64.8 grammes of water.^ 

Hence the specific, gravity ■-* 

Weight of added cement in grammes. 

In Ibis case the \(»hime is fixed and the weight variable, 
but in the following method of test the weight is fixed 
and the volume variable. 


BLOUNT'S VOLUMENOMETER. 

An extremely simple form of the specific gravity tester 
is as named above, and consists of a small flask, flattened 
so as to ensure, its stability, and provided with a short 
slender neck with fine graduations. Tlie lowest gradua¬ 
tion mark is J4 c.c. (the reason for which will be seen 
presently), and the cajiacity of the flask uji to this mark 
is known,,and e<i\jals 64 c.c. 

The instnnnont is used by running into it 50 c.c. of 
oil of turpeittine from a pipette, which has been accurately 
calibrated against the flask. As the oil of turpentine is 
introduced by means of a jiijiette, the neck of the aj)- 
paratus is ke]it dry. A known weight of cement (50 
grains) is then added through a small funnel so as not to 
block the tube. This cement, of course, displaces a cer¬ 
tain volume of the liquid and raises its level in the bottle; 
and as all ordinary cements have a specific gravity such 
that the displacement ctiused by 50 grains fajls between 
14 c.c. and 20 c.c., the former has been taken as the 
lowest graduation mark on th» neck. Any displacement 
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greater than 14 c.c. is therefore registered on tlie neck, 
and may be at once read Off. 

Tht specific gravity - 
50 (i.e., weight of beuient). 

Volume of licpiid dir.placed, in o-c. 

" ‘ (».c., residing on the neck). 

The tefiiperature of the turpentine must be known, bt|t 
need not he fixed at any ijftandard jsoint, and after* the 
operation the volumenometer (wliicli is stoppered* to pre¬ 
vent evaporatioii) is broiigi'it to the same temperature by 
immersion ifi the same vessel of water as that previously 
' lised for the stock bottle of turpentine. 

Seeing that in all cases the temperature before and 
after the displacement of the liquid by the cement must 



Kkatbs’ Si’Kciric (JitAvn-v 
Borne.« 



be identical, because of the high co-efficient of expansion 
of oil of turpentine and petroleum, it is evident that an 
apparatus of small total aapacity. such as that described 
above, is convenient,'as it can be immersed bodily in a 
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Leaker of water and broti^^lit to the proper temperature 
with ease and rapidity. 


GRIFFIN’S SPECIFIC GRAVITY FLASK. 

Thi# appliance is convenient iji that a l^^jfer quantity 
•of cement nny he dealt ^’ith, and so the jwssihility of 
terror experienced in using a small quantity of cement is 
obvttited. The teat is carried^ut by introducing 200 cubic, 
cent, of petroleum into the dry flask, keeping the neck of 
the flask thoroughly dry so fliat the ceiiumt does not 
adhere when ultimatelv added; 150 granimes of cenieat* 
arc then carefully introduced. • • 

The flask should then he st.o|)|iered and lightly shaken 
so as to remove any air l)id)hles; the contents are then 
allowed to settle in a vessel containing water of a teni- 
|)erature equal to the fietroleuni when added, and the 
I'uhic centimetres read olf on the giiiduated .stem. 

fn calculating the specific gi’avity, the 200 c.c. of 
petroleum should he deducted from the reading, and the 
result will give the volume occupied by 150 grammes of 
cement, thus ; if the displacement is at 210.0 it follows 
that 1.50 grammes of cement have displiwcd 10 c.c. of 
jictroleuni. The displacement divided info the^eight of 
cement (1-50 grammesl gives the specific gravity, which 
in this case would he ti.Ofil. 


LE CHATELIER’S SPECIFIC GRAVITY 
TEST. 

The determination of specific gravity is also con¬ 
veniently made with Le Ohatelier’s apparatus. This 
consists of a flask (I)) of 120 cu. cm. f7.87 cu. ins.) 
capacity, the neck of which is flhout 2P cm. (7.87 ins.) 
long: in the middle of this neck is a bulb (C) above and 
below which are two marks (F) and (E); the volume 
between these marks is 20 cu. cm. (1.22 cu. ihs.). The 
neeJc has a diameter of about ^ mm. (0.3.5 in.)»and is 
graduated into tenths of cubic centimetres above the 
mark (F)., 
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Benzine (62 defjrees Raunie naphtha), or kerosene free 
from water, should he iisM in maluiig^the determination. 

The sjM'cifie eniviW ean he/.leteriiiined in 1,wo wavs ;— 

(1) Tlie flask is filled with eitJidr of these liquids to the 
lower mark <]•'.) and 6) {;r.‘ (2.2.>oz.) of powder, previously 
dried at lOtl'^Cent. (212''^ I’alir.i and eooled to the tein- 
janatiire ^>1'the liquid, is firadually introduced throtigh the 
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funnel (B) [the stem of which extends into the flask to 
the top of the bulb (C)], until the upper mark (F) is 
reached. The diflerence in weight between the cement 
remaining and the original quantity (64 gr.) is the weight 
which has displaced 20 eu. em. 

(2) fl’he' whole quantity of the [wwder is introduced, 
and the level of the liquid rises to some division of the 
graduated neck. This reading flus 20 cu. cm. is the 
volume displaced by 64 gr. of-the powder. . 












































'J’ESTS K()J{ W/.IGHT 263 


The specific gravity is then obtained from tlie formula : 


Sj)ecific.* gravity 


Wetglit of cement 
Jhspluce/I Volume. 


The flask during tlft> operation is kept immersed in 
water in a jar (A), in (^-der ^ivoid variations in the 
tempewitnre of the liijuid. The results •should ' agree 
within 0.01. ^ 

^ \ convenietit method ftr cleaning the apparatus is 
as hjllows : The flask is iimerted over a. large vessel, 
preferahly a glas.s jar, and sla^cn verycally until the 
iirpiid starts to flow freely; it iiftlien held stil[in a vertical 
(rosition until empty; the n'lnaining lruc<“s of cement cati, 
he removed in a similar manner h\ piau'iiig into the fla(n<, 
a small (piantity of clean li(imd and repeating the opera¬ 
tion. 
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WuhN J ortland cpnient is" iiiixod with water, a plastic 
wte IS formed wliieli nltimateli hardens into a stone- 
siihstiinee, am,I aiaonhuf; lo the aelivitv shown in tliis 
transition from a paste to a thoronelily hard mass, so is 
the material found to he of a (jiiiek or slow-setting nature. 

It is of importance that the cement user should be aware 
of the setting properties of the cement to be employed in 
constriietional work, for unexfiected results are apt to 
oiimte from tho omission of tliiw tost. 

It often hajipens that wlien a (piick-setiing material is 
inadvertently delivered on lo tlie eontr.ielor's works, and is 
hroiiglit into use, the setting lias eommeiieed even before 
tlie wet mixing of tlie aggregate and etment is completed, 
with the result that this setting action being imnotieed, is 
interfered" with, and the material will iiot again set for 
soine days or, at least, until the moisture has thoronghiv 
dried out of tlm mixture. Its cohesive value is often then 
so greatly reduced as to render the .vpinent. praetieallv 
valueless. Phis is .i common occiirrenee in tlie use of 
ceinent, and may easily be avoided hy a systei'iiatic testing 
of its aAivity. Care should first he taken to ascertain 
the setting time of the cement before it i.s to he used 
and next, that no greater bulk of mortar is mixed than caii 
be used before the setting eomniences. 

Under no eircumstanceis must a cement wliieb has once 
been allowed to Set be re-tempered or re-mixed for use, 
since from what has been said, it will be .seen tliat the 
material ia thereby liable to be rendered worthless 
Cement manufacturers have it in their jiower to make 
either a quick or slow-seKing eernent, and unless other- 
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wise instructed supply the latter, wliicli takes thirty 
minutes and upwards to harden an the surface of the test 
pat. quiok-MtiHiig ceuiput coiuui^iices to ha)'dQn in a 
few minutes,* and aIthoyt;h perhaps equally strong in its 
tensile resistance and constructional value, yet a cement 
(f this nature* must he used wifli^are. It is employed 
only for^special purposi's, such as in ojK'ralioiufufider water, 
in plaster wor^ and when ^lorking in cold weaUier. In 
adl other cases it is na)st advantageous to use a slow-setting 
ceme’nt. • 

This is indeed indispensable wl«.>n dealiisg with careless 
workmen not under supervision, who always jjrppare their 
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mortar many hours ahead and even sometiiiies drown ” 
it with exeessive quantities of wat(‘r. 

Two distinct setting time tests are at present in use, viz., 
one for the conimeneemenl of the setting called the initial 
set, and the otlier for the end, or final set, the time when 
a weighted needle makes no inipiession on the test pat. 
This duplicating' of the test is thcoretieally sopiewhat use¬ 
less and 8n|ierfluous, for the gement must, of "course, 
harden, and if it did not the tensile strength or other tests 
mentionedtwonld soon show the fact. Of thestf two tests 
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then the efisier to recwd with iicenracv is that for the 
initia settinfi, and wit), the Vicat needle now so widely used 

ahlMserS’ ' uni^istak- 

Howe\er, the method /.hosen for testini; the setting (if 
cement matters htlle,-provideli that one definite test fs 
adofited and that all its conditions are well defined in this 
respect. ■ ^ ^ ' 

The nrilish Standard Siiecificafion originally arraimeCi 
that a specially designed vyeighted needle shoiild he nted 



(Tile.ss a s|K>cially (piick-setting cement is sjiecified or 
required, it shall hine an initial setting time of not less 
than •20 niimites and a final setting time of not more than 
10 hours. ^ 

If a ."ipecially quick-setting cement is s|)ecified or re- 
quired, it shall luiye an initial setting time of not les.s 
than 2 minutes, and a final setting time of not more than 
:i() iniKiites. 

Tile methods for determining the letting times of cement 
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are described in tlie Standard S^)ecification, which is in¬ 
cluded in till' iiiipcjidix, !ind the standard test tn-day is 
takeu»l)y till* Vieat ni'edle here illusfrated. 

It is well known that difl'erent hrands of cement, 
indeed the sanie ertnents,^nhei» tested in (hU'erent parts 
of the »coiintry, even by the sa'nie operitfoi's, reiiuire 
different percentages of water in yaujiinjr and have also 
widely dillereift results, anhi to use a. standard’quantity 
ol water for testing all cements in preparing the pat or 
sample far testing is, of course, impracticable. Hut even 
with the. same percentage of wafer used *in mixing and 
with merely a ditl'erence in climatic conditions* the results 
of the setting time test will vary considerably. Similarly'' 
the size and weight of the needle, used and the quantity ‘ 
of cement enqiloyed in the test all affect the setting time 
re.su Its. 

With the advent of the rotary kiln cement, the setting 
of cements has recei\ed much spei'ial consideration, and it 
has been found that where long-tried methods of regulating 
the setting times of cements made hy the fixed kilns have 
been quite satisfactory, yet witli the newer product— 
which, it may be added, is alone constituted from a fully 
burned clinker free from mixtures of iiiider-and over-biinied 
clinker and excessive fuel-ash and dust—many of tlie older 
methods of regulating the set have failed, and new»arrange- 
nients have perforce been made with more or less satisfac¬ 
tory results. , 

in the early daj# of rotary cement one heard some¬ 
times of these cements taking days and even weeks 
to harden off*in concrete work, and this is often the case 
where the flash set of a cement has pa.ssed iisnoticed. 
and then ultimate hardening in such a case is only equal 
to the drying of the cement or concrete, in the same way 
that the .setting of an ordinary kiln cement is delayed con¬ 
siderably by interfering with the^natiiriil set. 

Some cements when freshly made have this “ flash ’ 
set, that i.s, as soon as water is added in jireparing for the 
test, the paste stiffens, and, upon remixing, the initial and 
final sets are still readily percejitible in the usual way, hut 
in this case the hardening of thcscement or concrete takes 
a considerable time, as above .stated.* The ultimate resulls 
are, however, accompanieit by more serious consequences 
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and perhaps a delay in the construrfional work waiting for 
the hardening of the concrete. 

It will thus be seen that in some cakes the setting of a 
cement can be traced to a “flash ” set, an “initial” 
and “ final " set, and a, “ hardening.”—all distinct and 
easily definable conditions anu results which the rotary 
cement has brought in its train with its increasing manu¬ 
facture and use in this coimtj'v. 

To regulate the .setting of rotary kiln cement, therefor#, 
it has been found that whereas a small percentage of 
Cypsum-a mineral with calcium sulphate as its essential 
constituent, and oecuring in various parts of the country— 
^dded to the jiroduct when cement grinding occurs, gener¬ 
ally does all tluiu is desirable aud necessary in slowing 
down an inordinately iiuick-setting cement, yet to-day, the 
manufacturer has recourse to steam hydrating in the 
mills during the clinker grinding ojieration, or extensive 
“ weathering ” of the clinker before grinding, or the 
watering of the hot clinker when leaving the kilns. 'I'hese 
methods of manufacture in slowing the set have been 
necessary where the addition of gypsum was found to be 
practically useless, but they cannot always be depended 
upon to give satisfactory results. 

Ciypsum is often more ell'ective in its burnt state as 
plaster of Paris than in the. raw state. 

In this way the invariahle i|uick-setting feature of 
rola.rv kiln cement is regulated to the setting times re- 
(piired in the marketable nroduct. 

Generally sjieaking, however, a cement when put upon 
the market, and after being mixed neat with water, should 
remain ,',nert for at least one hour, and after that time 
the (piicker it sets the better. 

The addition of gypsum is- generally recognised up to 
about 2 per cent., and the introduction of this material 
is, as explained, rendered necessary so as to regulate and 
make, uniform th" general setting tendencies of the cement 
in bulk. 

For instance a cement clinker when ground from the 
kilns may vary in its setting time from a few minutes to 
some hours, and such a, material to a consumer would 
prove exceedingly irksome and intftlcient, but by the 
introduction of tlie gypsum vhieh is mixed with the 
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material whilst passing through the grinding luacbinery, 
a <«ment is obtained which caiiibe relied upon as being 
of a slow and generally iiniforin set. f 
■ »<lditlbn of gypsum on the otiier hand in no wav 
interferes with the.strei?gtli of tlie cement, and its intrc;- 
miction does not render careful* manijnilalion before use 
any tJi# less (lesirahle. • ♦ 

With rotary^ kiln cemenl. the addition of g>i|).siim to 
%>tard the set is sometimes of very little use. This is due 
to the lack ol a little free lime iti theeliuker, without which 
gypsum isipiite inert. In such eases, ho\\i.’\er, a mixuirc 
ot per Cent, of gypsum ami I per cent, of eatwtie lime, has 
been lound to regulate the setting. ^ 

Kotary cements are usually so well Inirnt that all the 
lime is in (ombination, and tliere is considerable dillictdtv 
in regulating the setting by any other means than those of 
wetting and storing the clinker for. \er\ often, some one 
to three months. 

This is indeed the practice in many norkr, and in such 
easc*s the eo.st of grinding is inueh reduced and the clinker 
will also probably be found to contain the necessary small 
aniount ol frei' lime to make the gypsum otierative. 

The watering or hydrating' of 'well-burnt clinker to 
regulate the setting of cement is freipiently employed, and 
18 of advantage if storage and “ sweating,’’’ as it is termed, 
follows. • 

'I'he set generally lieeonies very slow under this process, 
and the finished cement can thus be regulated to any* 
desired tiim? of setliy mixing the hydrated clinker with 
various propiglions of new (piick-setting clinker. 

<V.casionally, cements whicli an' slow-setting when 
fre.shly ground, have lieen known to undergo conversion 
to (juick-.setting on storage, and then either retain that 
character or revert to the original stale. 1’his is jirobably 
due to one of two things: (1) the high percentage of 
alumina (especially when the cement is prepared by the 
dry process of raannfactiire'l, which necessitates the ad¬ 
dition of gypsum. This latter is soluble, and retards the 
setting of the cement, but only for a. time, for •when the 
snlyihate of lime enters into comljjnation with'the oalcium 
aluminate its re,straining action is removed and the cement 
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becomes (iiiick-setting. (2^ The calcium oxide, which is 
sometimes |)resent in fieshly-hurned cement clinker, but 
w'hieli may be gradiiafl.v converted^ into carbonate on 
storage. Wben tbh is the cff.se, the cement is found* to set 
more f]uickly after storing tliar. when fi'eslily ground. 
.\nd in the event of usiiif, such a eemOnt the hardening »'f 
the coj)crute,.is inordinately ddayed if the cement set has 
been interfered with. 

Jt is, ihen, generally imdeitUood, though not always the 
CJkse, that a (|uick-setting v,‘‘nient is rendered of a slower- 
setting nature by storage, on account of the hydration of 
the caJciiim aluminate eontained in it; but by this .state¬ 
ment it .shdiild not bo inferred, as it often is, that a qiiiek- 
"selting materiaMs necessarily one which has not been 
stored, and is what is commonly termed “hot” or 
“ fresh.” These terms are undoubtedly very misleading 
to the average cement user. The fact of its being freshly 
ground Jiiis liltle or nothing to do with the setting jffoper- 
ties of I’ortland cement: its e.hemical composition alone is 
responsible and accountable for the difference in the times 
of setting. 

As the strevijlh of a cement is known to be due to the 
effects of the calcium silicate contained in tlie material, 
so is its actirily said to bo due to the ciilcitim aluuunate. 

PortlatuI <'em(Uit usually conlaiiis between 4 and 8 per 
cent, alr.mina. and other things being equal, the rapidity 
of setting increases in proportion as the alumina- 
rises above (i or 8 f)er cent., so it is held that a material 
which is shown by its elieinieal analysis to contain more 
than this amount of alumina sets very rapidly indeed. 

There are some strict conditions which niifkt be observed 
in testing tbe activity of cements. One of these is referred 
to more ])arlieularly in the preceding article bearing on the 
results of fine grinding, which more often converts into a 
cement of (piick action what would otherwise be a slow- 
setting material. Agaip, the tenqierature of the test-nxmi 
has a st'rious influence on the speed of setting-—a liigh 
<empi*rature causing more rapid action. Sufficient uni¬ 
formity of temperature will result, however, if the test- 
room be kept comfortably warmed in winter, and in 
summer if tbe specimeiTj be kept until set under a damp 
cloth out,of the sun m a cool room. 

•V 
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Generally speakiiiff, also, liotli the initial and final 
jteriods of settin;; are prolonged,b\ an increase of water 
in mixing, and tln“y are again ali'ecmd by the different 
eliinafie conditions under wliieh the lest is made. The 
different jndgment of otfservers also makes the test some- 
’*ha.l erratic, tyid va’riable. , • , 

TheiM in addition to the elieekiiig of llietietling times 
of cements, the variableness in the final hardening of 
‘^ilTerent bramft of cement? is an im|H)rtant fiictor to be 
iiKjnired into, but this point in more piirtieularl\ referred 
to at thj end of this chapter. , , 

]Jy moans of a mieroseoite tifid with a pother of about 
200, it is |)ossible to wateli cement in the jirocess of settii\g„, 
and for this jiurpose a little cement should be dusted on . 
to the slide and fastened down by a cover-gdass, and both 
placed under water. 

It will then he found that the grains of cement become 
covered with cry.stals, which makt their appearance some- 
limes in from ten to twenty mimites, or sometimes from 
ten to fifteen hours, according to the activity of the sample. 
These crystals are the result of the solution, in the water, 
of a portion of the cement, and their growth and inter¬ 
locking on adjoining grains unite the whole into a solid 
mass, and thus constitute the setting properties of cement. 
When once the crystals ha\e formed they cannot 
be again dissolved; lienee the wia'lhlessness ol a 
eeincnt whieh has been reini.ved after the setting has 
taken jilace.. • 

The present teat of the setting of cements has much 
practical importance. It is direct so far as its limits relate 
to tlie time iiecessary to get the cement in place after mix¬ 
ing. which must not be longer than the time of initial set. 
ft is indiurf in so far as its limits relate to the probable 
final .strength, elasticity, and hardness of the cement 
mixture. 

One of the aptiaratiis devised fw ascertaining the setting 
lime of eenient is the 

GOODMAN'S CEMENT SETTER, 

by which the time is autographitallj recorded. Although 
a. very ingenious arrangeiiieiit, this iiietlioii ,of testing 
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<«nieMt fo)’ scttiii" pro()ei'ti('s appears to have been little 
fulopted. 

.All illiistralion of the device is here f iven, and the ,work- 
inji instructions ar^ as follows :— ' 

Wind lip both barrels of the clock; See that all ttte 
working jiarts, especiallv the coinpensatiiic levers h L, 
are well lubricated and are working freely. 


II 



: I' 
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(ioODMAN 8 (’K.M^NT SkTIEK 

AttiR'h a piece of still white jiajier or smooth thin card¬ 
board to the iveordinj,' board B by means of the clips C C, 
bring the side bars S to their topmost jiosition and run the 
carriage J) along to make the jiencil draw the upper line 
of the diagram. 

Remove the weight W and carriage D, lift out the 
trough T. and ilioruuglily grrasr it before putting in the 
cement with a tfowel. Smooth the cement off flush with 
the top of the trough, and wipe off all superfluous cement. 

Replace the trough and the carriage, putting the latter 
at the clock 'end of the trough, wind up the string by turn¬ 
ing the drum E, hang oii the weight F. Oil the disc O 
all over and replace in the carriagl, hang on the weight 
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W and lower tlie disc into tlie cement by lifting the balance 
weifjht H ; adjust the jtencil surin^} and allow the setter 
to run undisturbt^l. 

Tffe earrihge and disc travel at the'rate of om- inch per 
hour, hence the liorizoiftal distance the ptuicil has travelled 
tiefore it reaeltes the uppenline A' tjie diatjram is the lensth 
of tiuif in hours the eenieat has taken to set f atid the slope 
of t|ie curve sjiovts the rate of settinj; at each in,stant. 

* luill particulars, such as the percentaf'e of water used 
in ^ 1111 ^ 111 ;;, the teniperatun* of tlie air and the hypro- 
nietric state ol the atnios|iliere. 4 'hould lu> noted on each 
diagram. • 

Another similar afiparatus has been introduced op^to, 
the market more recently, and is named the 

AMSLER-LAFFON CEMENT-BETTING 
RECORDER. 

In testing tlie activity of cements by this tipparatus the 
tvyo moulds are tilled with a plastic [laste of the sample 
ol cement, atid the needles are lowered n|K)n the cement 
at certain intervals and penetrate more or less into the 
mortar according to the progress of setting. The depth 
to which each needle enters into the mortar is recorded 
on the drutii by tbe pencils. 

.4fter each stroke of the needles the drum tiirtis a little, 
and the table on which the moulds rest advances a step 
from the right to the left. 

1 he neiglle holders are lowered and raisi'd by a lever 
which is set in motion by a. spiral spring contained in 
ii bo.x. 'Pile motion is set by the cha-k which lets 
loose the wing governor and slops il again when the 
stroke of the lever is completed. The disc witli a 
certain number of notches, is jilaced on the top of the 
clock, and performs one turn in an hour. This determines 
the lapse of time between two^con.seciilive records. By 
changing the disc different intervals of’time may be ob¬ 
tained. The exchange can be carried out during the 
experiment without disturbing the result, amj there are 
four discs corresponding to 5, 10, 20 and 314 minutes. 

When the moulds have travilled from one enfl to the 
other, after about fifty strokes of tffe needles, the carriage 
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must be puslied back by luind into the initial position and 

a i , the moulds moved 

’ 8i(Jjeway8. The dia- 

' meter of> the needles 
'^‘Wr ’ Millimetre, the 

™ ^ w6ight of each needle- 

holder is 300 grams. 
I'lie spring motor is, 
liowever, sufficiently 
powerful to overcome 
1,1 lieavier weights, so 

I I tiiat the holders may 

. i-i .heavier if 

, ■Wp'~n-IJ de.sired. 

- - = 0 '^he pin V, one 

: I ' H i 2 centimetre in dia- 

I »Hi, gjneterand400 

X i ,, I |; 2 grammes in weight, 

I ^ ^ < '8 used for ascertain- 

' '> ' i ’XZl ^ o the right consis- 

1 . lif^r' * ^ fcncy of the mortar 

I setting. If 

‘ ‘'h.xtiire of ce- 

' I mont and water is 

i // *"[ W < comvd. the pin ought 

i ® to stick in the mortar 

I '.5 *'’hoot one centi- 

; -sx I 3 metre before reach- 

\ ' inr 1 Ip in," the bof-torn of the 

\J.,^ I,- ■ *1 , .li= =c=ii Ij ^ A mdre common 

"Sc — I _— ; HH form of testing for 

I which the thumb* 

^ I ^ nail is used on a 

, pat of cement, and 

1 noting the times of 

resistance to pres- 

■ ■-1-I sure, thus; a small 

-1-jj rample of cement 

I tYtr ,is made up with 
I ' about 25 per cent, 

of pure fresh water at normal temiierature and 'formed on 
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ii piece of ■'lass into u circular (wt of about tliree inches in 
(liaiiictcr, wilh thin edgivi, by about one (juarter inch thick. 
The initial and filial setting times cyn tlien be very ap- 
pi ().\iiiiately ascertained by fbe impressions'of the'nail at 
varyin” intervals, or, more ])re('ei*cd>lyj by a pencil point. 


I he ascertaininj; of the setfinj; time of I'brtland cement. 
It will have been seen, isrstill a conti'oversial [loint, and 
present nietbyds are ^till unsatisfactory. Whilst it is 
without dipdit most esse^itial that some definite method 

a.seertuininf; and lecordiii'; the final set and hardening 
should obtain, it,is at least of eijiial importance to ascertain 
when the initial set ol cement begins, for no user of cement 
can continue to mix up or work cement after the initial 
set has eoluinenced without serious injury to the work iijjoii 
which be is engaged. 

If it were wished to im|)rove the setting test it would 
be necessary not only to measure the time after which the 
cement has acquired a determined set, such ns that de¬ 
fined by the Vtcat needle, oi' by tbundi-prcssure, but also 
to meastire the hardness that it has aci]uired after a 
determined time; as, for instance, the residt shown by 
resistarjee to crushing or transverse strain in lbs. per 
s(pia.re inch; for, just as if is necessarv to know the initial 
Witting time of a cement to save unsatisfactory con- 
' se(|uences, .so it is equallv necessary to know its hardening 
properties, which ipiality is of eqiAil, if wot of greater 
importance to the engineer iind contractor,, who must get 
throngb a given amount of work within a. certain time. 
It NvillOe observed that there is something more than tlie 
initial and final setting to be ascertained in testing the 
activity of Portland cement, and that is, the period of 
quiescence between the final set and the ultimate harden¬ 
ing of the prodjiJct. 

The gift of a strong imagination is not essential in fore- 
aeeing the deplorable results that would ensue to engineer, 
contractorand cement manufacturer alike where an im¬ 
portant concrete consjruction was in hand, such, for 
instance, as some heavy J'e-inforced bridge work, tlurough 
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Ihis inordinate delay in the hardfnin^ol' a cement, wliero 
a product as has been described was eiuploye<i. • In sucJi a 
ease rtie initial ami final seftin}; of tiie, cement could be 
rjoite normal, but the hUi'deuinfj of the concrete might be 
<^hle another jnatter, and in tlu» event of centering being 
removed as might he ordinarily practised, re^nlts such ns 
have been otitlitied are <juite within the bounds of poa- 
^bility. * * 

It may be said that the tensile strength at three and 
seven ditys clearly denotes the hiydeiiing jiroperties of a 
cement, but then a cement will 6ften stand a heavy tensile 
stress whilst still in a green or unniatiirecf state, and 
this is particularly noticeable with soinij rotary cements.* 
Some cements of this class, although setting jioorly ami 
giving a weak test-pat, naiy attain a high strength when 
tested as briiiucttes, although the final hardening has not 
taken pliwie. Then also in testing at early dates, say before 
three days, the ordinary testing machitie puls an im¬ 
mediate and heavy strain on the briipictte before the test 
starts, and in the early stages of hardening a record is thus 
unavailable. 

test is, tbereforc, re(|uir('d to gauge the hardening of 
cements, say from the time of final set up to seven days 
or even longer at short intervals, and, therefore, the 
apjiaratns di'signed for such a test must he one fiy which 
the strain can be applied more (|uic,kly, more lightly, and 
at easier stages than is the laise with the ordinary tensile, 
testing inaHiine, iftid still he tntich more direct and 
quantitative iji its information and results, especially upon 
the point ol the hardening ipialilies of ditferent cements 
at varying periods at early dales. A material fSictor in 
the setting of cements could then he more carefully studied 
and the results would he exiremelv valuable. 

With this end in view the author has devised a 
transverse testing machine dor cenient bars, the 
working of which is explained in another chapter, and the 
variable results in the hardening of cements—a |K)int of 
con.siderable im|X)rfancc to the constructional* engineer 
and contractor—here show the necessity' of ^uch ^ test, 
having in view a more careful sAidy of the newer rotary 
kiln product increasingly ejiiployed at the present time. 



278 


SETTING’ TESTS 


This test increases the exactness of our knowledge upon 
the setting of cempnts, and its results show the harden¬ 
ing properties of cements as well as the Getting of the 
cement under test. *■ 

The question arises, hhwever, what setting time should 
he insisted ujjon ? It is important to have as slow k setting 
as possible, but limits are put to this I^y the contrary 
necessity of having a good strength at the end of not teo 
long a time. Neither the trdinary initial nor final setting 
tests show thip result,tand whereas some cements show 
the initial, and final ket within reasonable limits, 
jljrlier brands hanbui at |)eriods varving from some hours 
. to days and even*to weeks. The test for transverse strain 
now advocated is mechanical, and not subject to the will 
of the operator, and it combines all the tests now outlined 
that are required in connection with the setting of 
cements; it is less liable to error in manipulation, and its 
records are unmistakably efficient in testing both the 
setting and hardening prope'rties of cements, the latter of 
which is a knowledge the smallest cement consumer can¬ 
not afford to neglect in fliese days of extensive ferro¬ 
concrete construction, where so much dc|H'nds u|N)n not 
only the " setting," but the " hardening ' of the cement 
to be employed. 

It is rarely that a test of temperature during the 

■etting of I’cineiit is carried out, but where such a test 
‘ may be required a method is adopted of ajiplying a small 
glass thermometer to the block of cement \Uien freshly 
rnixed and placed in, say, the Vicat mould its used for the 
setting <est. I'fion the insertion of the thernioineter into 
the plastic cement the temperature is taken and noted, 
and it will then be observed that the tem)KM'ature during 
setting slowly rises until it is distinctly seen that harden¬ 
ing off has commenced in the cement under test, at which 
point the teiiTperature will be noticed to become 
stationary. This jioint of tenqiei'dtiire—and before the 
mercury descends—should he noted, ns should also the 
time of the .hisertion of the thernioineter and the time of 
the coinpletion of the f^st. 

The results of sudi tests froi% a variety of brands at 
present on the market will probably be as follows, the 
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length of time in taking the test being indicated and deter¬ 
mined by the falling mercury in the thermometer, viz.:— 

• t • ■ • * 
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The present 

• 

utility of this le.st is obscure, and its 


variations cannot yet be ganged or given any theoretical 
or scientific explanation, nor indeed can anjk practical 
information be obtained from the results, for both 
sound and unsound cements apitear somewhat similar in 
their variations under this test. * It is reasonable to 
assume, hbwever, that the*(juicker setting cements show 
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an increased temperature during the setting on account of 
the exothenuic cIiernical‘reaction, the thermal unit being 
practically the saniV for all brands of Portland cement 
"he only distinction in tcinperatuiip is caused by the period 
during which heat is eytjyed; for instance, with cemeiy; 
of great inltii}! activity (in other words, in cefnent cf quick¬ 
setting properties) the heat is developed in a short period, 
and consequently shows itself in a rise in temperature, 
while with more coarsely-gr/uind cement of poorer qualit^' 
and tensile strength the evolution of the same amount of 
heat sfiread ovL-r several hours would not be noticeable. 

^ The temperAture of cement in setting, therefore, is perhaps 
'"Tni index as to the setting times of the cement and not of 
' itjS hardening qiia*lities. 
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Thk most iiseljiil tests for (xment are tlio'-c wiiieli nmnect 
yiemselves definitely with some serious defect 1o which 
cenidnts are subject, or with s»nie merit which they should 
possess f and thus, perhajis, tlie tjsb for smmdncss (wliich 
should include also the expaosiAn aud contra<j^ion testa) is 
of paramount importance. The soundness test can ht 
made with the most simple aj)paratu%—if, indeed, anij 
apparatus is re(|uired at all—i.s easy of manipulation, and 
its results are obtained immediately. Again, some of the 
tests which are explained under this heading are com¬ 
paratively free from personal eijuation and errors due tc 
local surroundings. 

The test for soundness at once obviates many difiienlti(-s 
which arise in the long-time tensile tests for the acce])tancc 
or rejection of cements, and the issue of this test is finally 
decisive. 

Numberless methods are in vogue for ascertaining the 
soundness of cements, and the enquiries more generally 
I'lassilied under this heading are thos(> which baveV'ference 
to constancy of volume, and to this eiul the, accelerated 
or boiling teste are employed in order to ascertain tha 
exemption t>f the ttement from undue expansion or con¬ 
traction. , 

The accelerated tests nio.st generally used are those of 
putting the cement pat or block in steam and iit hot and 
boiling water. I’raetically, the sti'ani and boiling water 
tests may be considered as one, conducted with more or 
less severity, which increases with the tenqierature of the 
water, the steam test being eipiivalent in severity to a hot 
water test at about 180° or 190° F. Tfius some samples 
of cement fail in steam and pass in boiling water, although 
the reverse condition is often found. The steam test, on 
the other hand, although less severe, has the?advaptage of 
being capable of more exact stahdiydisation. 

.( 281 ) 
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Although, it i» true, some rather surprising results aie 
often obtained in experimenting on the soundness of 
eeiupiits, yet it hasd)pen slioxj-n that arcement that,>B not 
quite sound might actually be improved in the steam and 
iKuling tests by the addition of a small amount of lim^ 
and continuing on these ‘lines tt has been found jn some 
cases lhat'aVement actually unsound in the boiling test 
could beytiade sound by small,'idditions of pther brands of 
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cement, showing that occasionally' a blend may be more 
sound than one regularly manufactured product alone. 

Contraction oracks in the test pat are often met with 
but are rarely a*sign of' bad quality. They are perhaps 
more generally found to be due to faulty testing rather 
than to a deterrent quality in the nature of the cement. 
The contraction crock often seen in the test pat is due to 
a physibal change, and i^ caused by the lack of humidity 
of the atmosphere, by the rise and fall of the temperature 
is the test-room, and draughts of vi^m or cold sir passing 
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over the pat whilst setting, or again a vibration of the pat 
whilst the cement is setting wfll often cause a cracking 
similar to a, coiitriction crack. A cAnent which is over¬ 
clayed will contract, bt^t contraction cracks are found also 
if the test pats, wlien moist, lye left in the sun or in a 
dry atpiosph?re, or even*if the'drying takty place too 
rapidly, and again may be caused by placmg the mixed 
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cement on a i]r\, ]»orous plate; an excess of water, too, in 
the gauging will caii.se. a shrinkage or contraction. 

These contriu'iioii cracks, as (hslingiiishcd from those! 
caused by expansion, are irregiHar lines in the ccnlrc of 
the sample pat. 

The unsoiindness and expansion of cements^take many 
forms, an expansion crack, however, wili be found to 
conmience u|)on the niifn cdf/cs jf the pat, and niif towards 
the centre. This is by far the mote serious defect. 

A sure*method of testiflg the contraction of* ceinentsris 
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in the use of »tapered mould, as illustrated; This is filled 
with neat cement of a [dastic consistency and is left to dry 
oil' and set hard. IDthere is any conlifiction,, the ctYiiont 
hlcK’k will he l(K)se, and will leave (he mould. 

The ex|)ansion of ccniepts is peneraHy ciiused by wha^ 
is known as “ free ” or nncombfned lime, and this is intro- 

*. I 



duced into the product either by the careless or unscientific 
mixing or’ burning of the r,aw materials used in the manu¬ 
facture, or by the incorporation of under-burnt clinker from 
the kilns. 

If a cement is ixtorly manufactured, the actration or 
atmospheric slakipg will eliminate, to some extent, what 
free lime may be present, but a properly manufactured 
cement will withstand the hot or boiling tests as soon as 
the material is taken from the grinding mills, and any 
period of aeration other tlian the time elapsing between 
the grinding into the manufacturers’ stores and the loading 
of the cement for transport is qpneeessary. 
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Portland cewient after havinj; once set must not soften, 
as sometimes liap])ens, and foij some time lose its liard- 
nmin order to co^jimenee later anotl«L‘r hardenin-,' jawess 
Phis dofect*is always duo to tho proseuoo of froo liiiio, or 
unconihined majinesiaf the slow slakin{< of which causes 
^)artial disinU-jiration of the alifady liardened mass. The 
expan.^ion lest with hoiling water, howe\t1','olfers every 
{jiiarantee apainst this ah!^'nce of durahilitv. 

• Regardin'; the comj)arison of soundness tests with the 
otlifr jiliysical tests of I’orJiand cement, and with the 
actual constructional experience, we stilj liavc the same 
seemingly hojieless maze of contradictions lyid irregulari¬ 
ties that all cement manufacturers and extemsive useriyira 
so familiar with. . 

As to the test for expansion, howeter. it cannot be .stifled 
with any decree of certainty that results which may he ob¬ 
tained by the hot test- the now t;eneral test for sound¬ 
ness are identical with those W'liich ina\ he experienced in 
actual coiistriictioii work, but there is no doubt that if a 
eement is in the sli;;htest degree iiiisoimd, the hot test will 
at once detect and emphasise the weakness. 

.\lthoiigh, scientifically speaking, there is noconstanoy 
of volume in Portland cement—since the action during 
the setting as well us heat and cold, will modify the 
volume—yet jiractical results are obtained from the ohser- 
vation of pats of cement as used for the setting tests, and 
kept for this jiiirposc in air, or immersed in water. 

In a practically sound cement the dilTerence in volurwe 
is not noflceahle Vithoiit the aid of scientific upjiaratus, 
and the vaUie of the test for constancy of volume consists 
in ascertaining the more common defer-ts in the undue con¬ 
traction and expansion tendencies of Portland dement. 

In the early days of cement manufacture most of the 
trouble of cement users was due to the expansion of the 
material throiigli over-liming and other faults in the 
manufacture. This caused a mvelling, and ultimate dis¬ 
integration after the work was in jilace. An ancient device 
for the testing of over-limed or expansive cements was to 
mix a sample of the material with water to abhut the con¬ 
sistency of treacle, the wliole being then ^loiiretl into an 
ordinary bottle or small glass ^est-tube which is shaken 
until fulj to overflowing,, and then placed aside in a cool 
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pliuje. If the cement is oner-limed, or even if the proper 
grindiiif,' and aiualgamatiijiD of the raw materials have not 
been jiroperly carried out by the manufacturer, the cejment 
will expand, and split the glass sooner or later, according 
to the degree of the iinjxjrfection. ^ If,,on the other hand, 
the cement is undcr-linvid! (or oi;’er-cla}edt, it will contract 
and become Ibose in the recejdaele. ' 

in theijB tests care should bp taken to keep the bottles 
or tulles in a cool place or in an oven leniperatnre; for, if 
placed in a. warm atmospliefie or near a lire, cracking will 
result through ^he iliHVenl rales ol' expansion (if glass 
and cement even if the («riient he perfectly sound. 

^ ,^nother simple tesi for the ob.servation of the behaviour 
.of cements is to nrike up two small pats—each about three 
inches in diameter and one-quartei inch thick in the 
centre, diminishing to very thin edges, d'he pats should 
be gauged and jilaced upon pieces of glass, and as soon as 
set—or, say, 24 hours after gauging--one of the pats is 
immersed in water, and the other left in the atmosphere. 

Roth pats should be carefidly examined at regular in¬ 
tervals over a period of seven days, and the first indication 
of any disturhance or disintegration will he detected hy 
the. ap|a“arance of small cra<’ks I'ound the edges, or extend¬ 
ing from the centre of the pats. Dther alterations of form 
will follow, such as the lifting up at the edges, or in the 
centre of tin- te.st pat. 

The lie.st I’oriland eement will show no signs of eraek- 
iiig, .sealing, crunihling, oi’ warping; nor, indeed, will it 
sulTer anv deviation of form whatevei^^ under this te.st. 

,\ny defect in the sample will first appear in the pal 
under water: but since, in this mild test, it often happens 
that the e'vidences of unsoundness are long in appearing, 
this method has given way to the accelerated or hot-water 
tests previously mentioned. 

The great value of the hot test lies in the short time 
which elapses liefore the* indications of defects begin to 
appear, and thus attention is at once directed to weak 
Iioints in the cement to be further observed or guarded 
against. ' 

Cements which stand the accelerated testa, by steam 
or boiling water, should Be used in preference to others. 
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and such tests should be eonstuntly applied on the work 
of concrete construction; for ultliongh the hot tests soiiie- 
tinie Reject suitalil^ niaterii\J, tliev will ahva.vs reject iin 
iinsouud material by reason of the existence of active 
expansion. . ^ 

* The ^Je(•iKiv^ test on tli/Coiiiim'iit for cement sound¬ 
ness is that a jiat of neat eemeiit placed on a ylass plate 
shall display *vhen kept *mler water, no Wirping or 
(Sraeliing at the edges. 

To ea*ry out this test the jrat prejiared for determining 
the setting time is, in the laiiy W siovv-seiling cement, 
put under water after i hours, in no case however before 
setting has taken jilace. in (juick-setting cement this nm.y» 
take place after a shorter interval. 'i'lTe pats, especially* 
of slow-setting cement, must he protected from dratight 
and sunshine until selling has occurred, which is best 
secured by storing in a covt'ied box or under moist cloths. 
The formation of cracks due to shrinkage, which as a 
iidcis'ciir 111 the iiiiildle of llie pal, anil arc lakcii In the 
lue.xperienced to be due to cxjiansion, is avoided by thesn 
means. 

If, when hardening under water, a war|iiiig or cracking 
at the edges apjiears, this denotes wilhoiil doubt an ex¬ 
pansion of the cement, i.c., in consequence of an increase 
of vohiiiic there lakes place a splilling ol the ceiiii'lit with 
gradual loosening of the previously acquired cohesion, 
which may lead to a total crumbling away of the material.^ 

Evidences of expjjnsion usually show themselves in the 
pats after tliree days: hut in any ra.se a ]ieriod of observar 
tion extending to 28 days is eonsidered iiei es.sary. 

In tlie United States the terms of the slandird speci¬ 
fication in regard to the tests for eonstanry of volume are 
as follows;— 

Sifiiiificani'i '.—The objeet is to develop those qualities 
which tend to destroy the strength and* durability of a 
cement. As it is highly essentia! to determine such quali¬ 
ties at once, tests of this character are for the^most part 
made in a very short time, and are known, therefore, as 
accelerated tests. Failure is revealed by cracking,»check- 
ing, swelling, or disintegration, or aK of these phenomena. 
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A cement wliieli remiiins perfectly sound-is said to be of 
constant volume. < 

MclhiHls .—Testfjifor oona^anoy offvolume are divided 
into two classes ; (i) normal tests, or those liiade in either 
air or water maintained at ahoiil 21? Cent. (70° Fahr.), 
and (2) accelerated testsl'or those made itr air, steam, or 
water at U Icmperatiire of hi® Cent. (115° Fa'lir.) and 
upward^ The test pieces id'tndd he, allowed to remain 
21 hours in moist air before immersion in water or steam. 

For these te.sls, pats ah&iit 7.] cm. (2.95 ins.,* in dia¬ 
meter, J} cm., (0.19 in>) thick at the centre, and tapering 
to a. thin edge, should he made, upon n clean glass plate 
[about 10 cm. (.1.94 ins.) B(piare], from cement paste of 
normal consistenej. 

" Normal Text.—\ |)at is immersed in water mainlained 
as near 21° (?ent. (70° Fahr.) as possible for 28 days, and 
observed at intervals. A similar pat is maintained in air 
at ordinary temperature and observed at intervals. 

Airt'lcralnl iiat is e.xjiosed in any convenient 

way in an atmosphere of steam, above boiling water, in a 
l(H)sel\ closed vessel, for thri'e hours. 

To jiass tlie.se tests satisfactorily, the pats should remain 
firm and hard, and show no-signs of cracking, distortion, 
or disintegration. 

Shoulfl the pat leave the plate, distortion may be best 
detected with a straight-edge ajiplied to the surface which 
was in contact with the plate. 

In the present state of our knowledge it cannot be said 
that cement should necessarily be condemned simply for 
failure to pass the accelerated tests; nor car a cement be 
consider^ed entirely satisfactory, simply because it has 
passed these tests. 

Tn the British Standard SpMifloation for Portland 
cement, the soundness test specified is that the cement 
shall be tested by the Le Chatelier method, and shall in 
no ease show a greater expansion than 10 millimetres 
after 24 hours' aeration or when this is exceeded 5 
millimetres after seven days' aeration. 

The a|)paratu8 for conducting the Le Chatelier test, 
sliown* on the followin>i page, consists of a small split 
cylinder of spring hraiw or other suitable metal of 0.5 
niillimetiV (.0187 inch) in thickness, forming,a mould 30 
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niillimutres (If, in.) internal diameter'ami 30 inilli- 
inetre.": liiffli. On either side ol the split are attached two 
indicators with |xiinted ends A .\,'the distance* from 
llic.se ends to tlic centre of tlie c;' linder lieiii}.' 105 milli¬ 
metres (ti^ in.). 

In eond'ictitif; the test, the hioiild is to he plac»d upon 
a small piece of (tlass and tilled with eement {gauged in 
the iisiaii way, care heine takt'n to keep the edges of the 
tnoiild gently together uhih* this operation is heing pei- 
formed. 'I'he mould is then coiered with anotl.,*r glass 
plate, a small w'eight is t*o he i>laced on this, and the mould 
is then to he’immediately placed in water at a temperature 
of‘58° to ()l“ Fahrenheit, and left there for 31 hours. 

The distance separating the indicator points is then to 
he measured, and the mould placed in cold water, which 
is to he hronght to hoilnig |H)int in 30 to :)l) minutes and 
kept boiling for si.\ hours, .\fter cooling, the distance 
between the points is again to he measured ; the dill'erence 
between the two measurements repre.sents the e.xpansion 
of the cement, which innst not exceed the limits laid down 
in the specification. 

The “ Le Chatelier TeBt.” 

The le,st of expansion in I’ortland cenamts h\ the Le 
Chatelier method has heen snhjected to a considerable 
amount of criticism oti account of its alleged nncertainly, 
or inaccuracy, or undue severity: and although, in tlio 
maiti, such criticism has been confim'd to )irivate corres¬ 
pondence, recently puhli'shed information noon this lest 
gives a more definite pronouncement upon the I'esidts of 
testing various cements for expansion by the Ijo Chatelier 
inethotl. 

This position has perhaps arisen on account of the 
generally accepted idea that the results of cement tests by 
the Tjc 'Chatelier method generally show the practical 
soundness or otherwise of the cement under test; hut the 
actual basis of variance between the advocates and onposers 
of the Le Chatelier test has, so it is maintained, all along 
been the ipiestion as to whether the limited increase in 
volume of cements in foiling water generally combines 
with it the unsoundness or updesirability of a cement in 
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priictiw, and ift)! solely iu the test itself, wliieli is eertaiiily 
one for showing expansion piireViK} simple and not nwes- 
sarilji “ un-s^undnels." So*he test as'appliod to exp.ansion 
alone will here be deal^ with, since many sound eements 
(in )>raetiee' also show a heavy,expansion by this test. 

It hgs beoTi maintained, for ifistanee, yi:U nnmeroiis 
Tje Chatelier tests of cements made, by the rotary process 
during the last (wo or tl#ee years go to sho\^ that the 
Expansion of cements fsometijiies very considcrablei is not 
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always or necessarily doe to free or loosely comhined lime, 
but may be due to changes in the line, [larticles (or clinker 
grit) under the influence of boiling water, and explanations 
arc given of (he theory of these changes. From the results 
of some hundreds of tests by the,Ije Chatelier method on 
Clements, principally Fnghsh-rnade, but* including a few 
of French manufactiire. it has been concluded that 
cements which have hccii ground Irom clinkei; well and 
properly burned in the rolaiy kiln do not* improve on 
aeration, hut on the contrary, sometimes become expan- 
si\e in volume. 
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It has also been held that the thinner the layer in which 
the cement is laid out for aeration, and consequently the 
more it is aerated,'the greatgr will bg the expansifm by 
the Le Chatelier test, and suggestions are therefore made 
by certain advocates to the effect that tjie British Standard 
Specification should be modifier by providing that cements 
should be gauged when fresh, or after being spread for 
lii hours to *24 hours only. Tlisn, again, tt>e total expan¬ 
sion by the Le Chatelier method in both cold and boiling 
water, it is maintained, .snoiild he inea8\ired, the first 
measurement bring takjn as .soon as the cement has set. 
The aeratioE of Ihe cement for 7 days should also be 
> optional. 

■ In following up thc.se conclusions, however, with the 
testing of other cements, and with a view to checking the 
residts and the theories involved in these contentions, pro¬ 
longed investigations were instituted by the author, with 
the result that the findings of expansion with aeration 
cannot be generally confirmed, and it would appear that 
neither rotary nor other kiln cements expand materially, 
if at all, upon aeration. 

It is now .shown, for instance, that the behaviour of fresh 
and aerated cements in the Le Chatelier test are ])erfectly 
clear and unmistakable, and at once indicate the degree 
of expani ion—not necessarily unsoundne.ss—of all cements 
tested by this method, and many curves have been pre- 
,pared showing that in both rotary and ordinaiy kiln 
cements, while aeration may not show a reduced expan¬ 
sion in a cement by the Le Chatelier niethod,'’it certainly 
does not show an increased expansion from the average 
results of a. considerable number of testa. 

In the first place, then, it is interesting to enquire into 
the effect of the aeration of other than rotary kiln cements 
as far as expansion is shown by the Le Chatelier tests, 
and for this pur|Kwe a highly expansive cement—not rotary 
burned—was specially obtained. 

The tests (Table l.l api)ear to show that in a shaft or 
ordinary kiln cement showing excessive expansion by the 
Ije ChiJtclier method, the reduction after 28 days’ aeration 
in bulk was from Sfi mtip when fresh to 5 mm. upon age¬ 
ing. After spreading'out the Ran|p cement the expan.sion 
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was reduced fjjom 30 
viz, :— 


mm. to 4 rnni. in tl»e same period, 


L® <-BATRUBrTr8T 


- .• _ 

(Vniptit ip hulk ... 
(Vnient aeraU'd I in. 
thick 


TA^LE I. 

—!:» noi'Ra is Cold Watub and B Hoiirh ik Boilino 
. * Watkil 



- a—. 

^ • 

• -- 

— 

Fresh 3 Days’ 

1 7 Days' 

il4 J)iiy.'i’«l*I)ay»’i 

28 Days’ 

, Aeration 

Aeration Aeititam Aeratioiil 

Aeration 


— 

- - 1 - .A _ 

__ 

mm. mm. i 

mm. 

mm. ] mm. 

mm. 

SB , sa.r. 

> 31 j 

'!{) 12 

5 

:i2 .•1(1 

.■f! i 

13* i 7.3 

4 


■ *■ 


Similarly (Table II.) in tlie. casi" of wbat may be cnJIed. 
a sound rotary kiln eeinent, the storinj*in bulk was found 
to reduce an exfiansion of i.75 inni. lo one of 0.5 mmrat 
•21 days, and to show no expansion in '2)^ da>s. The rotary 
kiln eenient when spread out reduced in ex]ian.sion from 
1.75 nini. to 1 nun. in 3 days, and no <‘xpansion was shown 
in the tests from 7 days up to ‘28 days, viz. 


TAUI.H II. 


I Krpsli ' a Dava' 

. Aumtionl 

. mm. ; mm. j 
(Vniunt in iiulk .. 1.75 ! 1.5 I 

(Vnipnt I Ip. j 

thiuk . -- I.n ; 


M Days' 

21 Days’ 

28 Days' 

Aemtioii 

Aenilion 

Aeration 

mm. 

mm. 

mm. 

J.75 

o!r» 

Nil 

Nil 

•Nil 

Nil 


To asceiitain wiftther the same results niiiy he expected 
from a similar treatment of other ordinary kiln and rotary 
kiln eeinents, munerons additional tests have been eiirried 
out with fnrttier well-known brands of eemefil on the 
market, and the aeration of these cements pives somewhat 
the same results hy the Jje (’hatelier test as previously 
shown. 

It is a fact, however, that exee|itions have been obtained 
to the apparently constant diminution of exjiansion in 
I’ements with aeration as indicated in the tests now ftiven, 
and in one ease a rotary kiln cement and an ondinary kiln 
cement were both found after a reduced ekpansion with 
affe to revert, after 35 days' iien^jpn, to the original (not 
increased) expansion as shown by the Le f'hatelier test 
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vvlicii frc.sli; iind two days afterwards this expansion was 
rediiffd, aftain showing a eoiitinaed reduction up to 42 
days' aeration. , . 

In considering the results 6f numefdus aad carefully 
conducted tests, such as these, ittcannot by any means 
be admitted that a rotary' nemynt invariably shows morv- 
expansion U’ tlic IjC Chatelier test after a time allowed for 
aeration than it dws when ft^esh, and it would appear 
thift in IxStli rotai v and ordinary kiln ceme^it if aeration, 
may not generally show a reduced expansion in a ceilient 
when tested by the Le Qiatelier method, it certainly does 
not show an increased cxpirtision in the consideiahle mim- 
I'cr of tests which the aiitlaa' has conducted from time to 
^inIi■. 

.'t'liis being the definite result of these special tests, it 
serves no useful purpose, other than one of purely academic 
interest, to enquire into the question as to whether an 
under-burned or well-btirned clinker shows a greater or 
less expansion by (he Le Chatelier test. The general ex- 
is'i'ience in this respect is, however, I’ather in favour of 
the reduction of expansion by harder burning. 

Rut to come to the Le Chatelier test results from the 
division of cements into the. varying grades of fineness, 
such as («) flour, (b) clinker grit, and (c) sieve residue, 
we have here three definite degrees of grinding which it 
is always'interesting and instructive to make use of, when 
examining anv cements, by this method for cxjiansion. 
u The amount of residue which is left, on the 180 by 180 
mesh sieve in sifting a, cement is tin standard method 
of testing for fineness, and it will generally be found that 
this residue d'H's not exceed 11 per cent, of the cpiantity 
of cement tested. From the cement passing through the 
180 sieve, the percentage of fine clinker grit in a cement 
may be collected and checked by resorting to the use of 
the llourometer. wliieli under a steady pre.s.sure of air 
siqKirales the (lour fr<au the fine grit, and the pereent.age 
content of the latter in a cement can be accurately a.scer- 
tained by weighing the fine grit remaining in the flouro- 
nieter eiipufter the operation of testing for ' flour. 

The percentages of " fine grit ” and “ flour ” in a cement 
necessarily vary aceordiiyg to the degree and process ol 
grinding, hnt as an 'illii.stration of^vhat cver>-day re.sidts 
anay he cx|H'clcd the following'cpuintitics of residue, fine- 
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{Ij'it and flour were contained in *two cements »Tonnd hv 
different plants, viz. :— 

. I Rmtiw* 1 Z "*'• ] 

I ; i i 1 Total 

1.0/ , O' o I " 

. ^ . _ , . _ ' ^ -o 0 i o I o 

«n*und by tube rills I l.v '• gl.i ! (V >.2 I UW.O 

tJround other mfllh .. | 13.4 ■ 20.3 t <*, 3 # ! ijjo.n 

Now, it is*a sonu'whiil*easy task to ascciii«ti liy the 
TiC t'liat»'licr test the iilcntici|l expansive (pialities of eacli 
of tlicst species of the Hcniis ceioeiit, and after carefully 
carryinff out sucli a senes of»tAts iipoif two hraiuls of 
cement-xine rotary and the other not--tlic«e results are 
collated, showing that • j 

(1) Two cements t<'stine respectively 2 and 2 .5 iwn? 
when fresh are reduced m expansion after each si'Ven days' 
aeration test nji to 2 .) and ds days respectiveU, when the 
original expansion is ajjaiii shown, hut which at 12 davs 
in both cases is reduced to 1.0 and 1.5 inm. 

( 2 ) The expansion in the residue from the 180 mesh 
sieve with both samples is reduced from 25.25 and 211.75 
mm. when fresh, to 21 and 22 mm. after 25 days. 

( 2 ) The e.xjiansioii of the cement passiiif,' throuj'li the 
loo sieve IS reduced upon aeraliiai from 1.5 and 2,75 mm. 
respectively to 2.0 and 1.0 mm. at 25 days. 

(11 The expansion of the Hour in the rotarv’ci'inent is 
reduced frnm 2.25 mm. when frp.sh. to 2 •! mm. after 25 
days, and in the ordinary cpmeiil the flour iiierea.ses u' 
expansion •Ironi I •mm. when fresh to 2.0 after 25 days’ 
aeration. ^ 

(•■)i rile ex|iansion of the “ fine ftrit ” also reduces upon 
aeration from 20.75 and 21.0 mm. when fresh,*to 2(> and 
7 mm. respectively at the end of 25 days. 

Thus, when two samples of fresh cement arc tested, 
the relative decree of expansion in the Hnely-dividivl 
eom]H)nenl [laits is "leatest ’m the* coarser residues 
and least in the finished cement from the rolarv 
kilns. In the ordinary kiln eeineiit, however, the, eon- 
stitiient bavin;; least expansion appears to h^ the flour, 
after which coiiu's the finished cement and finally the ;;rit 
with the lar;;est expansion. W , 

It sceyis obvious from»these results that ttie presence 
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of the flour, the preponderating element in the finished 
cemeijt, prevents the expansion of the grit ‘to a very large 
extent in the' combined sa^nple as compared with the ex¬ 
pansion measured wiien the grit alonefis tested. Ifl'this 
were nut so the expansion due to thefgrit alone in a finished 
sanfple of cement would hr inu^h greater than is actnall^i' 
observed. , „ ‘ <• 

The following table shows tlie results of the tests referred 
to viz. ' 

1,K CHATKJ.1ER TEST. . 

Expansion in Boiijno Water pur KHoniNu Abration REsifurs iipon 
fCoAR^K aR'D Finn Parthlks. 

_ _ _ _ _ 

IVriod of AoiRtuoi 



Frt'Hli 

I 

7 

DftVH 

14 

l)avH 

21 

J>ayH 

2S 

Days 

3.5 

Days 


; mm. 

mm. 

mm. 

mm. 

nun. 

mm. 

Rotary Uln cament 

... ; 2.0 

1.5 

1.5 

1.5 

1.27 

2.0 

Residiio on iNOx IM) 

... 2:..25 

22.5 

23.5 

24,0 

21.7 

24.0 

(Vment through 1W» v lUd 

... 4,it 

.i.75 

2.(1 

1.75 

:i.o 

7 0 

(Jrit front flouronioti'r 

... >1^. t <) 

43..-, 

41.11 

3J*.0 

.77.5 


Flour fn>m floimtineU^r 

... ! 2.2.'. 

1.5 

l.2-> 

2.5 

1.7.5 

2.0 

OnllDuy kiln eomont 

... 1 3.r» 

2.U 

2..-> 

2.2.7 

3.7 

3.5 

Residacon iKOviwi 

... 2:1.75 

2(l.2.> 

24.25 

21.5 

27.0 

27.0 

Oement thmugh 1M(t iNd 

... 2 75 

2.25 

1.0 

2.5 

1.0 

J.O 

<!rit from flouronieior 

.. !2l.O 

20.0 

IK. 5 

12.5 

0.0 

7.0 

Flour from flcuruim*ti‘r 

.. : 1.0 

1.5 

1.0 

1.77 

2 75 

20 


The individual results from the la* (.'hatelier test of all 
the coinjionent parts of ordinary I’ortland ceiiient are iii- 
lerestiag, therefore, only in their waverings and iion-calcul- 
ahle results, hut this is inevitable in all testsiinto which 
an eipial amount of the [lersonal element is introdneed in 
testing, and to show, in addition, what further peculiar 
results it is possible to obtain by the Le Chatelier te.st for 
expansion through other methods by other operators and 
from other cements, a few moments' consideration of the 
results of many tests in this direction will give the student 
some idea of the futility of an attempt at apjiriiising the 
test upon any ordinary theoretical or even jiractical con¬ 
clusions, wlVether based on a chemical or phjsieaJ evalua¬ 
tion. • " 

The inferences to fie- i^-awn from such tests therefore 
are that Rotary and other cea-enfl do not infrease in 
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expansion witl» age, for with few exceptions only an 
ultimately reduced exiiansioii Ixv aeration is genffally 
sliowi^ by the Ije Chatelier ^'st. * • 

Agfun, considerable variation is often found in the results 
of tests by the Le (Jhatelier method, as carried out by Uie 
sSnie o[^rutorl)ii the same femeTitf as will be seen by the 
following schedules of the expansion in milBirfetres upon 
three sample% of cement •made by dilTerent processes, 
\%z. 

(a) Rfttary kiln cement. (S) Shaft kiln cement. 

(cl ('baiiihcr kiln (a-iffent. • 

Each sample of cement was divided into live sections 
and e.ach sectional samph' was made ,up and tested*at * 
the self-same time, hut at varying dates of aeration. Tke" 
expansions in cold and boiling water are shown and are 
totalled together, giving the aggregate expansion in the 
samples. 

Le Chatelier Expansion Tests. 

Ssinplc of CV'iricnt diviilod into fivi* jmrtM and imriitod, teats ladntt made cviTy 
Ihrfo (layK. 

HAMPLK A Ho'rVHV KILN (■P:MKNT 


;Sani]>lo Nt». 1 ‘ No. 2 No. 3 


No. 4 


No. 5 


«‘-S ■ , ’ I 

|.E I U _ O ! S’ ! _ I U I ! 




i 1 

•> 

c- 

• 

A i 


Wat 

1 

3 j 

.* 

1 

1 ^ 

' 1 

1 

1 ^ 

A« OrounA 

n.o 

3.0 •li.O 

3.0 

2.0 

5.0 

3 0 

2 5' 

.5.5 ' 

4.0 

4..5 

«.5 

3.0 

5.0 

R.0 

3 dayK 

■ r>.o 

1.5 

'i.51 


2.<l 

5.0 

4.0 

2.0 1 

0.0 

0.0 

2.0 

nm 

5.5 

1.5 

7.0 

.. 

4.5 ■ 


7.0 1 

3.5 

2.5 

0.0 

3.5 

2.0 j 

5.5 , 

5.0 

3.0 

8.0 

.5.0 

2.0 

7.0 

‘d .. 

o.O 1 

2.5 

.. 

!.•> 

«» • 

2.5 

.5.0 

4.5 

1.5 1 

0.0 ■ 

4.5 

2.0 

0.5 

0 0 

2.0 

8.0 

12 

. 7.0 

2.0 

0.0 

1 5.5 

1.5 

7.0 

4.5 


* 0.5 ! 

OK) 

2.0 

8.0 

5.0 

.5 

5.5 

IB ., 

■ 5.0 ' 
1 

1.5 1 

0.5 

' 3.5 

1.5 

5.0 

2.5 

3.5 

0.0 

3.0 

2.0 

.7.0 

5.0 

2.5 

7.5 

18 .. 

,r-.o! 

2.0 ' 

7.0 

4.0 

1.0 

5.0 

4.0 1 

i.a 

! 5.0 ; 

4.0 

1 1.0 

/S-O 

2.0 

1.0 

3.0 

21 ,. 

|4.5 

1.5; 

0.0 

«.o 

3.0 

!».0 ' 

u 


2.0 

I2.O 

1 1 

4.0 

5.0 

2.0 

7.0 

21 .. 


Rs' 

1.5 

, 

1.5 

I..7 


1 1.0 

1 

1.0 

4.0 

! 2.0 j 

*0 0 

5.0 

1.0 

0.0 
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SAMPLE B-SHAFr KILN CEMEN?'. 


' Sample N<>. 


No, 

2 * ! 


No. 3 



No. ■ 





- i 

— 

r "'■» 

U 

« i 

• ^ : 

|l'! 

« , 

s 

;|! 

A ' 

' ^ i 

■ J® ' 

1 ! 


« 

& 

.& 

3.0 

7. a 

2.5^ 

[ 5 . 0 ! 

7..7 

4.5 

■ 1 .5 

7.0 

O.a 

'‘i.fl 

’ 5.5 

6..5 

;i.o 

' 8.0 1 

:t.« 

'),5i 

1.0 

.5.0 

6.0 

1.5 

:i.5 

l.:» 

. :i.a 

I.O 

2..".' 

4.5 

2.0 

5 . 0 , 

:i.5 

6.5 

2 0 

xr» [ 

ri.r> 

:i.n 

4.51 

:t.« 

6.0 

y.a 

:*.o 1 

6.f> 

3.5 

20 

2.5 

.5.5 

:t.r> 

2.0 

.5.5 

(1.0 

2.0 

, 2.5 

■1.6 

.i.r> 

2.6 

.5.5 1 

:t.5 

2.0 

; Lr> 

l..‘> 


1.0 

1.0 

. :i: 

1.5 

•CUAMHEK 

KILN (lEMKNT. 

No. 

2 


\n. 2 



.\... 4 


2,0 - 2.5 2.5 


i s a « i = * £ I 

jit p ;e; IP I 


13 < £ 3 

I -j 1 : , s . 3 

I (i S p s 


I (t ‘I it 1 u a 1 a .'. i 2 .1 


As firouiiil 2.0'2..'. ■»..■• +.0 . 2.0 ■ (i.O 3.5 ■ 7,0 0.0 3.0 0.0 15.5 2.5 8 0 

1 . ■ : : : 1 i 

SiUya 7.0 P.O 10.0 .5.51 1.5 7.0 , 7.5 2.5 10.012.0 1.5 3.5 | 1.5 20 3.1 

0 „ 4.5 2.0' 0.5 4.0 ! 2.5 0,5 , 8.0 1.5 0.5 I S.O 2.0 10.0i 0.5 ; 2.0 8.f 

9 .s' 3.0 3.5 3.0 i 2.5 .5.5 i .5 2 0 2.5 — 2.0 2.0 j .5 2.5 3,( 

12 .. ' 2.5 2.0 4.5 ,’.0^2.0 3.0; .5 3.5 4.0: 1.5, 3.5 .5.0 j 1.0 2.5 3.i 

I 1 1 ’ ‘ ! 

15 2.0 2.5 4.5 2.5 2.0 4.5 20 1.5 3.514.0 1.5 .5.5, ,5.0 1.5 0,1 


.5 1.0 , 1.0 2.0 ■ 


2.0 1 2.0 ! .10 4.0 4.IO1 .5 1.0 3.1 


j 1.0'I 2.5 3.5' .5.2.5 .*.oJ 1.0 2..5j3.5i-- 3.0 3.0 j 1.5 2.0 3.1 
i .5'211 2.5 1.0 1.5 2.5 1.0'2013,0 .s'l.S f.O! — 1.5 1. 
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It will, moreover, be found from the numerous inves¬ 
tigations wliich have been pnbjished by experimenters 
from time to time in conneotion with the lie Chutelier 
test iSiat they clesS'ly shorf tlie impossibility of fairly 
gauging either the miflute variations of this test upon 
oidinarv sainpjes of cemenl, or tts^ discrepancies or idio- 
syncrasws, because each and everv exiicrimewtns directlv 
governed, in tlie case of eae^i sample of (cment tested, by, 
:i^nong other ])^ints :— 

i(i) The nature of the raw matmals used in the manu¬ 
facture of the cement. 

(b) The process and plant used in the reduction ajid 
mixing of the raw materials from which the cement ha“ 
been produced. 

tci The chemical evaluation of the raw nmterial mixture. 

(f/i The method of huniing the mixture, and the plant 
cmjiloxcd, and the fuel consunicd. 

(cl 'I'he degree of final grinding of the clinker and the 
])!ant employed. 

(/) The period of storing and aeration of the cement. 

(fl) The personal eipiation in caiTving out-the test, and 
the percentage of water enijiloyed, teiiiperatures, itc. 

.\ll the.se jioiiits, witli others, are of inif)ortan(*'e in cal¬ 
culating the \aliie and results of the he Chatelier method 
of testing the expansion of cements, but there is no more* 
exception t(» he talftm to this position than there can he 
in, for instayce, testing the tensile strength and setting 
of Portland ceineiits; and although such tests are not 
sensitive in the same degree to these niinieroiis ciffiditions, 
yet the tensile strength te.st at least is one equally affected 
by siinil.ar conditions in the mean results. 

As far as can he seen, therefore, there can he no dis¬ 
puting the value of the Lo rtialelicr teijt in ascertaining 
the expansion of cements, but whether the practical 
•OondncBS of a. cement is to be definitely gauged by these 
expansion results or not is quite a debatable "point and 
this, doubtless, is more the bone of contentihn—.Tjthongh 
not so clearly put forward by it,vj,dvocates—than is the 
futility of the test itself. 
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i 

It has been urged, on the one hand, that perfectly 
sound and satisfactory (yjnients, which will act heroically 
in concrete work/ and will well .withstand the test 
of age, may sometimes exjJand moie tharl the * mm. 
allowed as the limit by the British Standard Speci¬ 
fication; and, on tlie.otlier, Ahat many cements, whkh 
will show'liftle e.xpnnsion by the Le Chatelier ^est, are 
so imsnund as to completely "lysintegrate in boiling water. 
J’ractice and experience show that this is', in the maip, 
true, and may be regarded as justifying the contention 
that this test i^ purely/^.n expansion, and not a sontidness 
test. , * 

.The only [iractical difl'erence in position, however, he- 
, tween the stringency of the Le ('hatelier test and other 
cement tests is that the five millimetres expansion allowed 
by the Hritish Standard Specification is a low limit com¬ 
pared to what has been found to he the expansion by the 
same test in many well-known and long-tried cements 
which have been used in considerable (iiiantities with sound 
and satisfactory results ie years gone by. 

Hut the modern demand for a limited expansion in 
cements, it is true, may eliminate a proiluct made by old 
methods and old processes, and if this position is altered 
by the immediate adoption of scientific methods and 
efficient pliant, then there is no difficulty whatever in pro¬ 
ducing a material which will come within the limits of 
expansion by the Tie ('hatelier test that are allow'ed by the 
' terms of the Hritish Standard Specification. 

In pre[>aring a cement to jiass this Vest, therefore, there 
would be no more effort feipiired on the J)ar^ of the manu¬ 
facturer than in (ireparing one to pass the ten.sile strength 
test, jirAviding the Hritish Standard Specification vfas as 
stringent in its demands of the qualities of the latter as it 
is in the former, and, indeed, if the tensile .strains of 
cements were raised to modern conditions, we should see 
the 3 to 1 sand test reuults well-nigh wdiere the present 
neat tests stand. This position would he more comjiatiblc 
with the jirescnt-day Le Chatelier test requirements, and 
then the theorising as to the causes and effects in resjiect 
of variations by both tests—and even with other tests— 
could all he dealt tyitb.en the one category. They are all 
more or •■less governed by l,he •varying conditions and 
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uiiiiterials eniplgj'ed in the process of manufacture and by 
the methods employed in the testing. , • 

It is of us little use to try and nssf|!H one common cause 
to the vagaries of niis test lis it is to propound an exact 
theory upon the cause df the ever-varying tensile strength 
l»8ts or of tilt* sctt’ing tinti’s od (^ther tests of the same 
Minentf, as shown by dilferent o]>erators. All'are due to 
innumerable louditions am^circiimstunci's, and t^ie results 
4>tained from testing dillerent brands of cement, iis shown 
by tlte ^je ('hatelier tests, as vwll as by other cement tests, 
are legion, as must, he tlieir causey , 

It may be, and no doubt is utiitc true that jn restricting 
the expansion of cements as shown by tlie lye Chatclier, 
test to a low limit, many good and Uing-tricd cements, 
will be debarred from entering the field of " expansirtn- 
less ” cements, hut—contrary to the statements which 
have been made from time to time—it is invariably the 
rotary made cements that can the more readily pass this 
test, whether freshly ground or aerated. 

It cannot he disfiuted that this metliod puts the testing 
of the expansion of cements ujion a distinct quantitative 
basis—^an eminently desirable stej)—certainly at the time 
of the lest, if at no other period, altliougli no such certain 
statement can be made in regard to any test showing the 
soundness of cements. It is a test easily manipulated, 
with results readily caleiilated, clearly coinparabfe, and at 
once declaring the cements most free from expansion, even 
if not the soimdesf, and .so long as the cotisiiiiier desires t» 
use one |a•((lluct poSsessing a less expansion tendency than 
another, witji other cpialities eipial, there is a distinct ad¬ 
vantage to he olitairied from its use. 

All will he willing to agree that absence of Expansion 
is the most essential (piality for a eement to possess, and 
that the ordinary riile-of-thumh lasts for soundness as 
adopted by other .sfiocifications are the most inexact and 
the most dependent of all the routine lefts upon personal 
judgment. 

Such a position as regards expansion the Le Cliatelier 
test clearly avoids, and, finally, for ensuring ubsence of 
expansion alone, this test, be it said, has done fliore for 
the improvement in the quality (■f.^ements generally than 
any other^ requirement of .the British Standard or other 
cement specification. 
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The “Cold Plunge” Teet. 

'Jlie Bodndneu testS in.some Portland cement speci- 
hcations include tlie requirement tl/at the.cemerfc shall 
pass the cold plunge or immediate immersion test. 

Such a clause as the foWowmg is, tllerefore, included ^n 
some ceiivin,} specifications, viz. :_ « 


I ‘‘Pinent shall be V'loroughly sound and well 
(■(M)leil. I ills on glass made llierelnmi must show no sign 
ol contraction, expansion,«or disintegration w'hether (i) 
alter being kgpt in a. humid chamber or in water for 
Hventj-four, hours, they iVie placed in cold water, which 
. 18 , then brought rapidly to boiling point, and kept thereat 
. for twelve hours, or (2) they are plunged into cold water 
rfiortly after being gauged and kept there for any length 
of tune, or (3) they are kept entirely in the air. The 
boiled pats must not show any tendency to hold water, 
but must dry immediately on being taken out of the liol 
water. I’lie ‘ plunge ’ jiats in addition to not being 
cracked, warped, &c., must have a linn and iiermancnl 
adlierenee to the glass.” 


Unsoundness” in the cold plunge test i,s sometimes 
looked for in the cracking of the surface of a pat ol cement 
which has been placed under water immediately after 
gauging, but more particularly in the distortion ‘of the 
the ]iat at times leaving the glass at the edges. 
, This is a test which many otherwise jierfectly sound and 
exjiansionless cements often fail to fi.'yis, and the scientific 
reason of so many cements showing a surfSlce cracking 
under tliis test is difficult to explain until more exact ex- 
jierimen/ing has been carried out with a test which comes 
into demand only in rare instances. 

I’he point to be cleared up before definitely stating the 
value of the test is chiefly the one of the action of water 
upon the scum or surface of cement as it is setting, and 
the cause of this'surface cracking in the pats will probably 
be found from such an investigation to centre itself often, 
if not eptirely, with slow-setting cements, on some 
inecbatiical action deiiending n]H)n the ojieralor or the 
method's of carrying out the tests. 

Tt cannot, however*'tfe definitqjy said whether the test 
shows a defect in the cement Or not, but it is certain that 
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fcurfiK.'e crat'kin*^ is more often caused hy tlie manipulation 
of tlie test rather than h\ any aetion of tlie eejiient Wider 
water. Indeed, frqjii an eMVrienee' nf the neW vagaries 
lirougnt intoVemenf testing tiy this lest the defeet.s shown 
hy it up to the present <ill afipear to ctuitre themselves in 
eSnditioiis quiie outside soimdneSti altogether. 

It is {JItie.rallv assumed that eeiuent eontaiitin'hgypaHin 
will fail to pass the cold j||iiiioe test, but this is ipiite a 
i^stake. No doubt sueh an explanation has Tieen put 
forward.from time to time b>» those who are anxious to 
explain away thnai^h some reaso^t or ano4her these idio¬ 
syncrasies in the testing of ee/iieiits, but it js far better 
to grasp the facts and admit the neeessiti for an eiic|uiry . 
than to base an explanation u|)on inqirobable ciremii-. 
stances, ilanv cements containing as imiidi as 3 per ceiTt. 
of gypsum will (la.ss the cold plunge test, winh' again many 
eeuients which do not contain gyjisiim or any other addition 
to the clinker, whether rotary made oi- otherwise, will 
show " skin " cracking and will lift oil the glass. It is 
true that many cements containing gypsum are particularly 
liable to fail in this test, due perhaps to their slow-setting 
nature, and also because of the light, tine particles of 
gypsum and (■(■ment being brought to the siirl'ace by the 
trowelling and shaking of the jiat whilst in preparation, 
but from manv ex[>erimeiils it .seems more reas^jiiable to 
conclude that the treatment of the pat has more, to do with 
the cracking under the cold iiliinge test lhaii has the 
presence, of gy|>siim, althiaigli this does not ajiply to the* 
lifting of thf pat at’the edges. 

It has als(» been ohserved that (he temperature of the 
water into which the cement pat has been plunged is some¬ 
times the cause of the siirfaee cracking by this t?st. For 
instance, a number of pats iinmer,sed in water w'ith a 
temperature, of 6fi° F. will he found to he sound by the 
cold plunge test, while the same cement made into pats 
will lift and crack on the surface if put.into water with 
a temiieratiire of 45° to 50° F.: and again, it has been 
noticed that in the case of two pats of the same cement 
prepared in exactly the same way. if one is put utider fresh 
water and the other put under the older and alkalin* water 
contained in the usual briquette the latter pat will 
remain soiind, while the fqpmer is unsound. 
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Further, the soundness or unsoundness of a pat under 
thi^test is controlled to a lar^e extent by {he time elapsing 
between the finishing of the preparation of the pat, and 
the time at which it is plunged und6' water. Thb same 
cement made into two pats will set as follows under this 
test:— 

One pat put iininediately under water as gauged, will 
show a«8urface cracking, ant.‘ the other tpat if allowed, 
before immersion, to get a dull surface after some 15 to^O 
minutes in the atrnospher^, a condition showing' that the 
initial set is likely to take .place within the next 15 minutes, 
then this pat, when immersed in water, is perfectly sound. 

• • The pats in the cold plunge test are also affected by the 

• vibration of the” water in the tank in which they are 
immersed. For instance, if the tank of water remains 
perfectly still, and the water is not interfered with, a sound 
pat will often result, whilst with another pat of the same 
cement, if placed in a tank where briquettes or other pats 
are being constantly taken from or put into the water 
whilst the cold plunge pat is setting, then disintegration 
of the surface results. Sometimes, again, if a prepared 
sample of cement is made ,u]i into two pats, and one of 
them be shaken down and the surface trowelled, this one 
will crack in the cold plunge test; while the other sample 
of the srme cement made into a pat by merely cutting into 
sha|»e with a trowel, iind no trowelling on the face, will, 
under the coldi>hinge test, be perfectly sound. This result 

' of trowelling is seen in a more aggravated form in some 
cements either as briquettes or pats. In such eases it is 
noticed that the ” skin ” or “ scum ” on the surface will 
separate, if there has been much trowelling, and if there 
has been no trowelling the surface will remain perfectly 
sound. This defect again—clearly distinguishable from 
the cold plnnge test crack—verj- commonly occurs 
where excess of gypsum has been added to the cement, 
and if a scientific explanation were wanted, the defect 
might be attributed to the action of sulphur compounds 
which exist in greater (piantity in the skin than in the 
body of ihe-. cement bkaik or pat. This the author has 
deitioitstrated by direct experiment with successful small 
additions of gypsunr^tb different cements, when it was 
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found that ulti<pately in the majority of cases a time was 
readied when tlie skin of a shaken or trowelled pgt or 
l)ri<|uette would pajt from tlie body*wJien placed in water 
after setting? 



Pat No. 1. showiko Chacki\() ev Dvehtoowei-unc iv Coi.ii 
Plunge TiSit. a 


Jn observing the cold jilunge pat test, therefore, some 
imiKirtant regard should certainly be paid to Ihe results 
from the trowelling of the surface of the cement pats, for 
a distinction can always he ni..'« Aietween a cracking 
caused b> overtrowelling sind cracking caused in other 

u 
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ways. To eniarj'e upon tliis point, two pliotoffraptis are 
here.;p\eij of a pat No. 1 where the iipiiftins skin is sliowii 
to be much denser than lii pat No. -2, whicli has not i.een 
_ •• ^ 



1’at No. 2, SHOWING Suhface Cn.ACKiNo in Colo J'i.cnoi; 'Jest. 


trowelled, and the latter shows what iniplit he called a 
complete fold plunge test crackinjr. At the same time 
anotlier pat/if the same cement, as employed in these 
two pats was perfectly sound under the cold phinire test 
when placed in tho'ifStiiil laboratory briquette tank, the 
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other two [)atii« 1 ) 010 }; placed in a se|)iinite tank of fresh 
water by theiiiselves. The eumeiit from ivhieh 4he8c 
three^pats wei'e iiiMie ooiita^fted j;>|V'-sm up to’2 per cent. 

Jt will sometimes be seen that with a freshly-made, 
well-trowelled j)at Uie ^kin will be denser, aud water will 
vt’ork itj way through this skin the cement is setting 

aud cause it to expand slightlx or lift in §a *doiug, and 
thus scparate«from the bdNy of I be pat in whidi the ex- 
jteiuyon caused b\ mfiltering water woiibl be miu-n smaller. 
Froiti (rfhcr observjitioiis madf' in this direction it a[)pears 
that the dilfcrciiec between the aracks liiserccd on un- 
trowelied jiats under the cold jiluiige test, and those on 
pats wbicb bate been ciicrtrouellcd, is that iii the lorgicr, 
a sotnevvbal general but sliglit disiiitcgratiou takes pliua;, 
resulting in I'liie cracks on tlie surface of the pats, and tile 
cement is friable and does not set quite bard, but with 
the overtrowelled pats a thin skin is seen on the top of 
the pat, and this alone disintegrales whilst the pal itself 
reriiains sound and bard. 

Ill siiiiiiiiarisiiig the aiitiior's expeiieiiei' of ibis test, 
therefore, it would appear that as a broad general rule, 
only slow-sr'ttmg cements are aifecled by the cold jilunge 
test, and this w itlioiit the (|uality of the cement being called 
into account at all. It is clear, however, that under this 
test defects iiiiglil be separately or collectively (jecasioned 
by :— 

(ill 'I’lie result of the lineiiess of grinding of the raw 
material iiyd in fclie maniifaeliire, and either a bigli oT 
low lime eonlelil. 

(b) The (fegree of burning of the clinker. 

(e) The percentage of gypsum wbicb is addW to con¬ 
trol the setting of the cement. 

(d) The overtrowclling of the test pat in jireparation. 

(e) The difference between ,tbe temperature of the 
cement when tested, and of the watei*wlien the put is 
“ plunged.” 

(/) The period of aeration and temperature of*the cement 
after grinding. * , 

ft/) The iiiethtMl and treatmet t.of.tlie pats liefore and 
after “ pUinging.” 
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Ad exuiiiiDatioD of the causes of surfa/:e cracking in 
the (wld f)lunge tests sh9WB that from the results of a 
considerable number, of tests; the cause of this crafking 
may be accounted for in oiTe or otlier of‘the defects 
already noticed, or by a coiubinatJbn of the same. For 
instance:— ' r 

® O 

(a) If the raw material durir^ the process of mixing is 
not grounfl sulliciently fine in its prejiaratitSi for passing 
through the kiln, the result,5a that some particles ard not 
projierly burned, as thc^aw material has not been finely 
enough divided to form arr intimate mixture required to 
obtain (Mimplete chemical combination in the kiln. This 
‘results in a quantity of the cement being under-burned 
<ylv're the lime is only partially combined. Such a cement 
on being subjected to the cold plunge test may cause an 
exjMinsion which might crack or destroy the shape of the 
test pat. 

(b) This to some extent really acconqianies the results 
of the fineness of gi-iiiding of the I'aw material already 
mentioned, when the clinker is not properly and regularly 
burned. With raw materials which may be extremely 
finely ground, but low in lime, there is often an over¬ 
burning of the clinker from this cause, and the cement 
resulting ^herefrom shows a surface cracking by the cold 
plunge test. Cracks in such a case do not extend deep 

into the pat, but the skin can easily be peeled off. 

( 

(f) 111 the case of the result of ndding gypsum to 
the clinker when grinding, an unsoundness is sometimes 
observed in the pats under this test, and which in most 
cases is show'n by the lifting of the edges of the pat off 
the glass, that is, the pats become distorted in shape, and 
in some cases gradually leave the glass altogether. The 
cracking of the surface is only sometimes found, but the 
usual sign of excessive gypsum adding as shown by the 
cold plunge test Is the leaving of the pat from the glass 
in its entirety. 

(d) A cfiinmon cause of surface cracking in testing 
cement 'by the cold plunge test is seen with a quick or 
medium setting ceiqpnW In making a pat and preparing 
the fine feather edges of the same, the repeated rubbing 
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of the trowel to smooth off the surface gradually disturbs 
S •'ills ’’•tills surface ef the cfment 

i"®* is sotno time in 

setting ima wlu-if setlmy .•(.mmenws small cracks are 
observed, which u tinAtely spread all over the surface of 
the pat or wlwre the greatest application of the trowel has 
taken filacc. lire skin then splits awii\ flom the. bodv 
of the pat, tym in some ^nstatices is much thicker than 
Ahatjn the case of the usual cold phtiifie pal crai'kine. • 

(c) The difremtee of tem|f‘ratinv in the cement tested 
and in the wiUcr iisial, anil in Jh^ air dnriim the period of 
cen|ent aeration after crindine. also considerahiv alVccts 
the remilts of rvioenl pats immersed in aer-ordaiiee witlf’ 
the cold phme.- t.>sl. In warm wertther, for instaneo. 
and pa.rtienlarl\ when the eeinenl is taken warm from 
the grmdmn nulls, this is often the cause of nns.rnndness. 

A test pat under llie eold pliinee test is made without 
special regard to standard temperainre I'illier in the cement 
or the water used in ih.. t.'st, and on lli,.se speeial pnints 
«reat care reqtiin.«s to la' taken. Cenienl, for instanec, 
laid out to cool in tlie atmosphere remains al the temiiera- 
tiire of the atmos|)here, and on hein;; mixed tliis cement 
may ho several defjrees liieh.T tluin (he temperature of tlie 
water, which is generally eistler tliiin (he alniospliere. .\ 
pat ot cement tinder tliese eirenmsfames on heiiftr iihm.rcd 
into cold vvater shows surface erackine afle" a vorv slmrt 
time, and in Ihis respeet it has heen noticed (hat where ii, 
cement w»s perfm'tly sound under the eold pinnee lest 
when mixful etirly in the morning and immedialely 
plunged, yel when the same cement was mixed in 
the heat of mid-day and then “ plunged," eraeksidevolorted 
over the surface of the jat. . 

The method of making the pats and (he treatment of 
the plunge pats nfter nuiking jire also a. coinnion source of 
surface cracking hy this test, ^^hen the eemeiit is mixed 
with water a. [lortion may receive less* water, and con¬ 
sequently set more (piickly than the remainder of the 
cement used in the pat. 

Again, in the case of the cement mixed wHIi a minimum 
of water, the paste is found to Ire stiller than flic other 
cement mixed with an excess ot'Vtfter and lypt so easily 
smoothed* off or shaken 'down. Wl^en such a pat is 
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liluii^eil ” (Tackti are often noticed u|K)n the thick part 
ol tins ])at, ljut arc not ejiiKteut in the other [wrtion. 

TJie teat' is also olfected by the treatment of tlje pat 
when pill under water. 'After /lie pai has been 
under water for a time, it is A'ten, taken out of the 
balli to see wlial it 1akii% place. 'this repeati^l 
motion of thtf jiat and water seems to set uj) souie^tension 
in the su^ace skin, and so causo it to crack. This is most 
treijuently noticed when any special samples are beiii#; 
treated in the bath at the fiaine time as the cold, plunge 
test; for instance, [lah" that have been taken out and 
examined luyve been obseiVed to be surface cracked, and 
, tliQ. same cement in a jiat made in exactly the same ‘way 
.which has not bsen disturbed during its setting under 
wicer has been perfectly sound in every way. Similarly, 
several pals under walei' lia\e been disturbed by tlie move¬ 
ment of the water due to taking briiiuettes from the baths 
in vvliieli the pats were immersed, and in many such 
eases the jiats have developed surfaee eraeks; but 
fresh pats of the same eement wlueh liave been made 
and ])laeed in the same tank and water alongside 
those previously eraeked, have, where the water has not 
been di.slurbed, been |H‘rfeetly sound in every way. 

Then again, there isacertain jiersonal element graduated 
from exp^nienee with this test which can make the cold 
plunge test either satislaetorv or otherwise in the same 
cement without any obvious dilTerenee in the method of 
«arrying out the test. TIu' pats made, for instance, by in¬ 
experienced ])ersons have been notieedV) he unsound, and 
the same ci'inent when emjiloyed by one who iiiex|)erienced 
with the cold plunge test may be perfectly sound in every 
way. Income cases also some pats when placed in water 
immediately after gauging remain perfectly sound, 
whereas the pats of the same eement if kept until 
the initial set has taken place show decided cracking on 
the surface and Ijfting. <• 

These ari' some of the points which show a hazardous 
experience of the cold tilunge test when such a test is 
regularly carried out, and the results go to prove that quite 
a number of' conditions have effective influence on the 
results of the tests. ^ ^ ^ 

In all these cases t'heTPortlan^ cements which have been 

I 
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tested liiive rewlilv \vitliM<K)d all tlie standard and other 
leco^nised tests for soiiiidiiess,jStrtm;Ttli, inelliding 
the 0 , 1111 ) 1 . limit of^.\pausioif hv tiu* ke t'liatelior method. 

I l•‘'hl that hecaiise a jial eracks 

aiiil flakes on the jiirfili'e under this test, it does not by 
■Ri} iiKNiiis tollow that thi:» is to the misoundness of 
tlie eeinent. The value and re.sults ol llie^efl as far as 
e.xiierienee in praetice is oMteertied, are eipiallv unimpor- 
^nt.espeeiairv when there is a certain .louhl as'to vvhetker 
the fianflliiio of the cetiieut oi *lie ei'uicnt itself, apart from 
the possihility ol the (l(‘leel lieiup^cah ulahje or not, is the 
cause of the iieculiaritv which‘is the e.\teuf,of the result 
ol the surface crackin'' of pats of cement by the cold )>lmige 

It mav he said that the explanation of the hehaviotil*of 
cements h\ the.se tests is caused entirelv by the Burfac,e 
conteids of the pat dillcritio in composition and consti¬ 
tution iioiu the hulk contents, an cxperieucv’ not found 
in the practical uses of cement, and vvhclhei-a cement 
contains e\p.suni or not has little hcariu;; upiai the results 
hv this lest. The I'emarkahle |)oiut m regard to the in¬ 
sistence of this cold pluiiec test hv soiiiv* enthusiasts is 
the o|)inioti freely expressed that faulty results by the cold 
liliinpe ]iat test es.seiitiallv show a faulty cement, yet 
when the le.st is carried out with a small amount of sand 
or other admixture, (he defect shown in the ne?it cement 
cannot iicciir, 'J’he same eiitlmsiasts repudiate neat tests 
lor tensile strength, which are hopelessly I'ondelimed tw 
not ie])re.s(*titin<! tfie true (pialities of the product and are 
not accordin'; to experietice in practice, yet in the cold 
pliinee lest the neat I'ement results are held to clearly 
show the (piality of the product under iiivestiftatiRii. Such 
common inconsistencies in the testing of cetnents cannot 
he better illustrated and deprecated. 

A well-known te.st for the .soundness of cetiient is that 
called the Faija test. It consints iti sujijectino a freshly- 
ftaitfred pat of cement to a moist heat of TOO de},'. Fatir. 
for six or seven hours, nr until thorouf'hly set, and then 
immersiii}; it in warm water at a temperature of 115 to 
120 dep. Fahr. for the remainder of 24 hohrs. , 

This accelerated test is based, on the jirinciple that 
moist heat accelerates th^ setting of*cement, and that, if 
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judiciously upplied, the age of several days may be artifi¬ 
cially given ,t() a cement in a few hours. A sound cement 
ac<|uires great hardae'ss in a' short fiiue when treated in 
this way, hut an unsound one, or ont that \vould under 
ordinary conditions “ blow ” wJienfused in work, is caused 
to develop this latter oJnft'aetecislie in a fetv hours: anti 
lienee, hy th^ use of (his (es(, a definite o]>inion*may he- 



Hot Watek Apioiimcs. 


formed as to whether or not a cement is a safe one to use, 
indejiendently, of course, of its tensile strengtii, which 
may or may not he eijuahto that required. 

The ap]iaralus consists of a covered vessel, in which 
water is maintained at an even temperature of from 115 
deg. to 120 deg. h’ahr.; the space above the water is, there¬ 
fore, tilied w’i'tli the \apour arising therefrom, arid is at a 
temperature of about |iKI deg. Jnnnediately the {lat is 
g'auged, it •should he*^ [ilaced on .the rack in the up(ier part 
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of the vessel, and in five or six hours it may be placed in 
e warm water and left therein, /or nineteeai or t\fent\ 
hours If at the eud of that? period* the i.at is still fast to 
the glass ofshowffno sign of blowing, the cement mav 
be considered perfectly %ound: should,.however, anv signs 
f hlowmg appear, the centtmt fs laid out in a thih laW 
for a era.} or two, and a second pat mad(* a^id treated 

Z “‘“I"'*"'- onlv 

It* itjje to the exireme newness of the cement. 
follow°s^-‘ readtr. test for soundness is as 

IVepare sample pats ol ceiiienl m (lie onlinaiA \va\ and 
after t.-l hours, place them in a reeeptucle of cold wafer 
which shoidd then he heated en„i„a|K to hnilmg poiat ' 
allow to hod for two to four hours. II the pats are sound 
the cement will he found thoroogldv sa-tisfactorv in tlie 
constnicfioiial work in .so far as l■onsla.m■v of volume is 
concorned. 



• ♦ 

TcnsHe’ Strength Jestg. 

C}fA]>,TKR 

0 • 

I’HK.valiKf ol* ii. cement depends upon its {)ower df setting 
into a rij'id iiiass soon after it #> ganged, aiyl on its power 
of» attaining a consideralile strengtii in course of 'tin^. 
The testing of tlie strength of I’ortland cement ,niay be 
performed by yompresa^.ve and by tensile tests, tlie latter 
including thp transverse test ma<i<' by breaking a beam of 
, thy cement. 

, In actual work it he strain to which ccnuTit is subjected 
is'not necessarily a purely tensile or purely com)n'essive 
strain owing to unequal bearings and loadings, but is more 
often a transverse .strain. The transverse and com)iressive 
tests are, however, rarely made, the most usual lest for 
cement, largely for the sake of convenience, being that of 
its tensile strength. 

The compressive stress for testing I’ortland cement can 
bo readily applied by apparatus designed to this (‘iid; but 
the test si'i'ves tittle purpo.se since the comiiressive strength 
of neat cement is found to be in a fairly constant ratio of 
about lO^to J as compared with tlie tensile strength, the 
test for which may be atqilied more easily and by simpler 
and more familiar apparatus. 

• There is, however, likely to be a much gicater demand 
for results of compressive tests with* sand itnd cement, 
owing to the increased uses of I’einforced coperete and to 
the variable results given by different cements when tested 
with sanfi in compression. 

At the present time the section of a cement reiiort which 
receives the most attention is that dealing with the tensile 
strength. This, perhaps, is not surprising, when we 
remember that tjiis test,'although possibly the most illogi¬ 
cal and erratic, is the most convenient. 

The object of the tensile (or stretching) test is to deter¬ 
mine the greatest stress jier square inch which, under given 
conditions, ^he cement can be made to stand without 
rupture. If the copdifions have l^en carefully observed, 

(3H) 
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TENSILE ST^tENGTH TESTS 

f 

and yet several disca-epant results are obtained, the highest 
may be right, but the others arp certainly v^rong. • No 
averafjjng should l^e done, althoug!i*this is a practice 
regularly resdlrted trt * 

In respect of the utcertainties due to the [lersonal 
clferacteristics.of the testers and* tc* tlie influence of local 
conditiofts, this test offers greater scope for eirof thun^any 
of the others (jaisidered. • 

^I’he most scrupulous care must he observed in flu- mai*i- 
pulatioiv and the tester shouW possess natural aptitude 
for such work. , 

There is, fortunately, now a Standard method of testing 
cements in this country, hut engineers frecpientlv draw^ip ^ 
their own specifications for testing. 'J’lie average tensile^ 
te.st of neat cement as marketed to-day is from (>()()Ho 
70(1 lbs. |)cr square inch in seven days, and 8(10 to 850 lbs. 
in twenty-eight days, these being the two [leriods most 
generally adojded for testing, and, on the whole, the most 
convenient. .\ tensile strength above the average men¬ 
tioned need not, however, excite suspicion as to the sound¬ 
ness of the product, as is often the case, for a carefully 
made cement will often sustain vert high strains before 
fracture: and if such a ceniem uithslands the far stricter 
iiccelerated tests for deciding as to the safety of the 
material, a high strength niay certainly he looked for as 
one of its decided qualities. It is, however, sSmetimes 
the case that a high tensile strength may he caused by over¬ 
timing the raw material, but since a number of tests anv 
in vogue fof indispfttahly discovering such a weakness in 
a cement, ope can by the.se means readily confirm the 
records of the tensile test and prove the soundness of the 
material. • 

With the now increasing demand for a finely ground 
cement, it is to be expected, and in fact it should be urged, 
that in place of neat tests an admixture of sand should 
be employed in estimating the v«lne of the sample. In 
the neat tensile test the full value of the cement as a con¬ 
creting material or as a cementing power never comes into 
play; and, granted that a finer cement is a moie valuable 
product, a coarse sample will, in a neat test?, give results 
as to tensile strength equal or soj^ior to those ^tained 
by a fine jeraent. But, oq the other^land, tha difference 



316 


TENSILE STRENGTH TESTS 


between the constructive values of a coarse and a fine 
ceioent wjll be most .noticeable in a test for tensile 
strength, carried out'with n inixture,of sand and fement 
ill the |)ro|K)rtion of :1 to 1. * ' ' 

The value of sand tests in pla€e of neat tensile tests is 
more ajipreciated day Ji^dayf and this hapdly requires 
expjanatihn'.-lince cement is rarely, if ever, used In a neat 
state, except by consumers wi-.o hove a w^ng impression 
(/ its (nullities. In a sand test the more practics^ com- 
crcting qualities of the tjirodtiet aie ascertained and 
its value as constriective matciial is assured. Many 
cement specialists have conse(|uently ceased to consider 
tlje neat (ensile tests of inqiortance or of any practical 
, value, and, (herefeire, on the former count the test of neat 
brii|uettes is depiccated. 

The exfieiieiice of those who have spent a considerable 
part of their life-time in testing eements seems to show 
that every hrand of cement has its own di.stinct peculiarity 
wliicli re(|uires to he iinestigated ami nn(ler.stood before 
it can be slated that any given result by the tensile strength 
test is a true and siillicii'iit ascertaining of the value of the 
identical sample under test. 

.\n instance of this has been known to occur wliere a 
sample of cement made into a. semi-dry hrhiuette. 
will break at .some KOO Ihs. per square inch, but if made 
plastic the same cement will break at about 450 lbs. 
.\nother saiiqilc prepared semi-dry for the neat 
•tensile test will break at about 500lbs. per square inch, 
but if made in a condition'equal to plaktic the Same cement 
will break at some 550 lbs., and yet the reriilts obtained 
from the sand tests of these two cements have been almost 
identicaf; 

In tlie (>[iinion of many who are authorised by experience 
to give a reliable statement ujion tlie neat tensile strength 
test, it is held that the extraordinary susceptibility of neat 
cement renders .it impossible to expect any reliable results 
from the usual liaphazard way of testing, and even under 
the most carefidly guarded conditions there is a doubt 
about the'utility of this neat test. Tt would be a mistake 
to pla<w much reliance upon a system of testing that will 
occasionally give a.gopd result bjs neat tensile tests when 
the sand test gives a poor one, .and similarly when the neat 
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tensile strength Jest gives a poor result, and the sand test 
quite the opposite. , , • 

In the case of ope tester •knowii* to the author, who 
has ml^e uft a coiisiderabfe number of tests of neat 
cements, and who hasitiad years of a))plication at this 
werk, it has hpen atlmitted*tliat*t 4 fully understand the 
vagaries %f neat cement testing demands a life-ldng stj^dy, 
and the more persistently^ a satisfactory cunclusion is 
a^mpted in flie judging of cements liy tlie ne*! teusite 
test rbsidts, the more comjiln^ted grows the kium ledge 
to be obtained, us time goes on. 

Part of this variation is, lihwever, mevibible. Tbe 
strength of Portland cement depends so largely mum the 
details of the method of testing, that variations in mani¬ 
pulation among a number of other and minor rauses iiiaRe 
an a|)preeiable diH'eiviKt'm tbe resnlts, and llie neat ten¬ 
sile test is therefore governed by many eiremnstanees. 

The following particulars iuclude perhaps most of the 
common causes of divergent results in tbe tensile test:— 

(1) Due to the Cement. —Whether tbe cement is fresh 
or has been aerated, and if the latter, the periml of 
aeration. 

(2) Due to Gauging. —The amount of water used in 
mixing. The quality, character and tennierature of the 
water used in gauging. The temperature of It^ room. 
Whether the cement is hand- or niaebine-mixed. Whether 
a non-porous material is used as a mixing tray. 

(3) Due to the Preparation of Briquettes. —Whether a* 
skilled operator has iieen employed. Whether the mould 
is of wo^ or*iron. The shape of the mould, the method 
of hlling, and whether the mould was tilled at cgie or at 
several operations. Whether all air hubbies have been 
eliminated. W'hether the mould is shaken, tajiped 
rammed or pressed to make the briquettes of various 
densities. 

Whether the briquettes are kejit damp during setting, 
and whether kept dry or in water during the period of 
test. Whether the briquettes are made by the same 
operator on the same day under the same conditions. The 
temperature of the water used for immersion. • 

(4) Due to the Testing. —The tein)^rature of the test¬ 
ing room. , The length of time the briquettes Jiave been 
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out of the water previous to testing. The area of the 
brerkiiig .section. Th^ form of the briquettes and the 
.s|i!i|n' of the elossksth’tion at the [K)ipt of fraeture^ The 
Miitiii'e of the .strain, and whether shddeulj* or gradually 
applied, and the time oeeiif)iedf in applying the strain. 
The form of clips yi'the«testing niadiine for hold¬ 
ing,lh<' hH(|»ielles. The direction of the strain tfs regards 
the hrea^king sections ttf the l)|;quetles and^the preventing 
(»'■ cross strains. 'I’he muMpial hearings of the clipsrftu ^e 
hriipiettes. f , 

'I’hc fact tiait ther(>are so mam separate faetors con- 
lu'cted willj llie making'and testing of hriquettes, all of 
wjiich have a distinct and definite influence on the suh- 
, seipieni tensile strength need not, however, niiduly point 
to the inconsistency of the test. 

h'or instance, the age of the cement after grinding is 
found to alfect the tensile strength of a hri(|nette; but as 
the tnannfactnrer is responsihle. for the state in which the 
cement leines his works, we can rely^npon him looking 
after his own interests in this direction. 

'I’he percentage of water to he tised in the gauging of 
neat hriipiettes is generallv from Is to ^o, a jiroixirtion 
which Mines according to the age, tineiiess and activity 
of the sample. 

h’or hriipiettes of three parts sand to one of cement, 
about t? |ier cent. of . water is required (the percentage 
being calculated on the total weight of the sand and 
cement.). 

The best results are obtained with‘a niininaum quantity 
of water, and a dry or stiff plastic rnixturq gives greater 
iiniforinity. 

The hater to be used in gauging must be clean and 
fresh, and of a tem|)erature of about 60° to 70° Pahr. In 
the gauging of neat briquettes, the cement and water mn.st 
be thorowihly mixed for one minute, and_ then pressed 
into the mouid^ by the>trowel us<>d in gauging. 

Any excess cement should be removed and the top of the 
briquette smoothed off level with the mould. Particular 
care should be taken that the mixing is carried out upon 
some non-absorbent substance, such as a slab of slate or 
thick glass. , 

■It should further be pointe,d out that the accurate test- 
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inji of cements j|or teiisile streiiffth*is uol a simple process. 
Some es[)erience is iiecessurv before the materials eiyi be 
manipiilateil so as to obtain even ilfjifo.\imat?l;V accurate 
result*. • * * 

Tlle lests carried out l|\ ine.\pi'rieiiced tlioiipli intelligent 
a«d careful person if arc ii^iallv* vert* contradictort and 
inaccui'iUe. and no amount of cxpcricnct* i«in totalh 
eliminate the xarialioiis in^rodiu'cd l)\ I la* |K'rsonal Spia- 
tj^m yf the ojt'raloi-. 
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.\n instaiwe of siifh \ariatioii is siiowii m the illiislratiori 
which is iu*rp eiven (pl.atc No. 1). showing two .sections 
of two hrokcii l>rii|ueticK made fioin the same cement b\ 
two dili'erent operators. One l)rii|uette (contaftiiiio air- 
holesi tested at :W() lbs. per S(piare inch at se\en days, and 
the other at fiSO lbs. 

The British Standard Specilicafion re(|uires that in 
testinjr Portland cement for its t«n.sile strength, both neat 
and sand results shall he ascertained, the fest being carried 
out as follows :— 

Test For Tensile Strength (Neat Cement). 

The breaking .strength of neat cement shall be ascer¬ 
tained from briquettes of the shaffe Tlescribed* 

e • 
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The briquettes shall be prepared the following 
maqper :— 

The cement shal,| bo mixed with such a proportion of 
water that tlie mixture shall be plastWwhen Cilled ifito the 
moulds used for forimng the briquettes. 

The cement, gauged* as ^ibove, bhall .be filled inrio 
moulds of the form recpdred to produce briqtettes of 
the'8ha[)e sliowii, each mopld resting ui)oD a non- 
jj(>rous [fiatc. In filling the moulds the ojltrafor’s Jiands 
and the blade of the ordinatjv gauging trowel shall alOnebe 
used. I'he trowel shall^weigh about 7^ ozs. No ramming 
or hammering bi anv form will he j)ermitted, nor shall au.y 
other instrulnent or apparatus other than the trowel before 
' de'serihed he eni|jloye(i for this ope.ration. Tlic motdds 
‘after being filled may he shaken to the extent necessary 
for expelling the air. 

Clean appliances shall be used for gauging, and the tem¬ 
perature of the water and that of the test room at the time 
the above operations are being performed shall be from 
58 to C4 degrees Fahrenheit. 

The hibpiettes shall he kept in a dainj) atmos()here for 
•24 hours after gtiuging, when they shall be removed from 
the moulds and immediately submerged in ele.m, fresh 
water, and left there until taken out for breaking, .\fter 
tliey have been so taken out and until they are broken the. 
hriquettds shall not he allowed to become dry. The water 
in which tliey are submerged shall be renewed every seven 
.days, and shall be maintained at a tenifierature of between 
58 and 64 degrees Fahrenheit. *• « 

The briquettes shall be tested for breaking strength at 
7 and 28 days respectively after gauging, six briquettes for 
each ])er(oil. The iireak'ing strengtli shall he the average 
tensile breaking strength of the six briquettes for eiwh 
jieriod. The briquettes to he tested shall be held in strong 
metal jaws of the shape shown, and the load shall be 
steadily and uniformly .'ipplied, starting from zero, and 
increa^ at the'rate of 100 lbs. per square inch of section 
in 1‘2 seconds. 

The breaking strength of the briquettes at 7 days after 
gauging shah be not less than 460 lbs. per square inch of 
lection. . , 

The breaking strte^h of the bftquettes at 28 days after 
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;gan}!ing shall show liii increase on the breaking strength 
at 7 days, and shall he not less than the number of pqpnds 
fier sounre inch of section afrivSd'/it.froni tfie following 
fonnma,:— • * 

l^reakibg strength .U 7 ^ - 

• • 

Teat For Tensile Str^gth (Cement and Suid). 

•Tlfe breaking strength of cement and sand shall be asc8r- 
tallied ft’oia hri(|uetteH altio of^lie sJiape wliowu- in illiistra- 
tion. The hri(|nettcs shall be,|ir?i)ared in the following 
manner 

A mixtiirc' of cement and siind in tin; |)ro|)oition of one ' 
part by weight of cement to three parts by weight of the! 
standard sand specilied shall he ganged with snflicient 
water to w»‘t the whole mass ihroiighont without any 
excess of water heinii present. 

The mixture, gauged as above, shall he evenly distri¬ 
buted in nioidds of the form rtspiired to produce hrifiuettes 
of the shape shown in illustration, each mould resting upon 
a non-poroiis plate, .\fter tilling a nioidd a small heap of 
the mixture shall he placed upon that in the mould and 
patted down with the Standard Spalida, until the 
mixture is level with the lo|i of the mould. 'J’his 
last ojieration shall he repeated a second time* and the 
mixture patted down until water ajipears on the surface; 
tlie flat only of the Standard Spatula is to be u.sed ami 
no other imirumenf <a- ajiparatus is to he employed for this 
operation, y’hi' mould, .after heiiig tilled, may he shaken 
to the extent necessary for expelling the air. No ramming 
or hammering in atiy form will he permitted (hiritig the 
preparation of the hriqtiettes, which shall then be finished 
off in the moulds by siiKKithing the surface with the blade 
of a trowel. 

Clean appliances shall he enijiloyed for gauging, and the 
temperature of the water and that of the*test room at the 
time the ahoxe operations are performed shall be from 
.')8 to 64 degrees Fahrenheit. • 

The briquettes shall be kept in a damp atmospliere for 
24 hours after gauging, when they shall be removed from 
the moulds and immcdiatelv sub/hefged in clean, fresh 
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water, and left tliere until takm out for breaking. Aftu 
they lieve been so taken out and until they are broken, the 
briquettes sliall not ^ allowed to become dry. The water 
in which they are submerged shall be r,^newedi every seven 
days, and maintained at a teiupert^ure of between 08 and 
64 degrees Fahrenheit. . 

The briquettes shall be tested for breaking strength at 
7 ancfilS days respectively after gauging, six toquettes for 
each period. The breaking strength shall be the average 
tensile breaking strength o*; the six briquettes for eacu 
period. Tlie briquettes to be tested shall be held in strong 
metal jaws of the shape'shown, and the load steadily and 
unifonuly ap'plied, starting from zero and increased at the 
'ratd of 100 lbs. per square inch of section in 12 seconds. 

‘ The breaking strength of the briquettes at 7 days after 
gauging sliall be not less than 200 lbs. (ler square inch of 
section. The breaking strength of the briquettes at 28 
days after gauging shall show an increase on the average 
breaking strength at 7 days, and shall be not less than 
the number of pounds per wiiiare inch of section arrived 
at from the following foruiiila :— 

Breaking strength at 7 days+ 5 ^—p-1 - —- L —__— 

Breaking strength at 1 days. 

The standard sand shall be obtained from Leighton 
Buzzard, be thoroughly washed and dried, and shall pass 
through a sieve of 20 by 20 meshes per square kicli, 
Md be retained on a sieve of 30 by 30 meshes per square 
inch. The sieves shall be prepared from wire-cloth, the 
wires being .0164 inch and .0108 inch in diameter respec¬ 
tively. The wire-cloth shall be woven (not twilled), the 
cloth being carefully mounted on the frames without dis¬ 
tortion. 

In the i>reparatioii of briquettes it is advisable, as 
far as possible, to have all moulds (which should be made 
of gun-inetal) shaped exactly alike, and the gauging of 
each briquette should be Vanied out in exactly the same 
manner. As the value of the tensile strength test depends 
mainly upon the preparation of the briquettes, it is neces¬ 
sary that precautions be taken so that the personal equa¬ 
tion is, as far as possible, eiimmated, by ensuring that the 
proper percentage of cement and yater is always strictly 
observed. In preparing the briquettes, after the mixing 
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of the samples,of cement, care dionld be taken that the 
moulds have been properly cleaned and placed on «small 
plates of iron or slaje. > '/ • 

Fof, the %eat test, weigh the registered quantity of 
cement for each briquette and (um out the weighed cement 
in a heap on .to the slate «iab,*apd, after hollowing out, 
gradually pur on the exact amount of water 'ifhich jt has 
been previously determined will provide the consistency 
r^uired according to the standard specification^ • 

Tfieij trowel the cement (iioroughly and (piickly, and 
hil the mould so that the material is soli^ and free from 
air spices, and finally trowel the top side of ^he briquette. 

During setting, the briquette should be placed in a dqmp, 
place or covered with a cloth saturati^l with water, an^ 
allowed to remain for ‘24 hours in a place free from any 
vibration, A bri(|nette that has thus been allowed to 
harden slowly, and has been kept free from any hot, dry, 
or draughty atmosphere, may be relied upon as being 
stronger, and the testing results more uniform than is the 
case where the water is evaporated from the cement too 
quickly. 

When the briquettes are thoroughly set they should be 
immersed in water until ready for testing. 

Some of theteating maohines generally used in this 
country are illustrated here, the “ Adie ” testing machine, 
with the automatic regulator, being, prhaps, more often 
employed. 

The instructions for working the “ Adie ” testing 
machine are as follbws :— 

Fix the fbrked pillar E by means of nut and washer, 
drop the spindle S into its place in the table, thgn put the 
standard A in psition and insert the notched plate in 
groove of spindle, bolting down A so that the lever when 
strained (by putting a moulded briquette of cement into 
the clip B and C, and then tightening by means of the 
wheel R) may take its psition freely in the centre of forked 
pillar E. Put the lever F in its place so that the knife edge 
rests in groove of hardened steel on top of sjandard A; 
hang on clips B and C; put head weight in place and fix by 
thumb screw, and the machine is then ready foi:*U8e. 

To test the briquette, insert in thesclip B and C, then 
turn the wheel R- until thff lever at E rises wed above the 
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zero line; tlien by turning handle bn standard E the 
weigh,( JK Jiwved gently along until the hri(|uette has 
broken, the strain hpiug then read off on lever. 

^^'itll niiiehines having twO rows wf figures, use the 
bottom row with head-weight in itit.plaee on the lever, and 
the top row with lieachwiahUand thi'imb ijcrew off. ■ 
The aiitnru'itic regulator has been designed ttf’give a 
uniform rate of travel to tbe weight, .so that all tests arc 
iriijde at do eipial number of lbs. per minute"; but this can 



be alteivci to any sjieed leiiiiired by means of a cock in 
piston; it is also self-acting, and when the test is started, 
needs no interference whatever, and directly the briciuetto 
breaks the weight is held fast by means of clutch or brake 
until released. ^ . 

'I'o fix the automatic, regulator, fasten the brass tube to 
floor underneath the ))ulley marked 2, so that tbe weight 
\y just clears, and fill the tube with clear lubricating oil, 
attach the long cord to left-hand side of vernier, pass round 
pulley 4 on top of (lillar A, and back and down over 

. It.. r 
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down again to eye at 6, attach the short cord to right-hand 
side of'vernier, puss it over aii(l,t\yice round Ihe puUoy to 
prevjjnt slijming. , • / . • 

To jise aiTtoninti^ regulator, sec that the vernier is at the 
coiimmiceinent of fcal#. then place hri.,uette into its place. 
Tighten by tl»e wheel It mffil tile strain is sufticient to lift 
the level' well above the zero line on stapulard I?, IheiLhane 
on biass weight W , whiefc will pit once coininenee to move 
tfei'tfier along the lever: .se,- that the vernier w^eight (ioes 
not I'osK whili'travelling. T* coininenoi' another lest, re¬ 
move weight W, lift le\er by ineags of lifigr, which is fixed 



!'n the cross handle at top of 
I . n lod,,which will let piston down gently, and return 
v imei (, commencement of scale, and proceed as 
already described. • 

In contiiming with the testing machines used in this 
country, reterence should he made to the “Faijti”appa¬ 
ratus as being one coiimionlv used by manufactiirers^and 
enpneers, Mild a description •of the workiii" of this 
iJidC/hine will no doiiht he useful ior reference 

To use the “ Faija-” machine See that the quadrant 
A 1 .S in the position shown in sketch so that the chain B 
to the dial C is slack, and the lever I) free a!id balanced. 

Turn the wheel E from right to.left, until the lower clip 
h can ho raised into contget with the upper ckji Cf 
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Insert the briquette to be tested in the dips, taking 
care. that it is put ^n evenly, so that the .pull 
is true and vertical,!''then 'turn the, wheel E from 
left to right, which will brirfg down* the Idwer qfip P, 
and secure the briquette firmly in the clips. (It ia gener¬ 
ally advisable to put suqh a strain on the bricpaette by turn¬ 
ing wheel a that about KXI lbs. is indicated on t!!e dial.) 
When in this positon there shindd be about half-an-inch 
between ftie under side of knife edge H, and the buffer <?>• 
recoil spring I. ■, , * 

Having seen that the ;>inion K is in gear with the wheel 
L, turn the.liandle M until the briquette breaks. The 
i^looqe pointer will show on the dial the strain in lbs. at 
which tlie l)ri(|uette broke. 

To return to zero :—Throw the pinion K out of gear 
with the wheel Ij by turning the pin and pushing the 
spindle to tlie left; turn the wheel L from left to right 
until the (piadrant A lias returned to its normal jxisition 
with the chain 1) slack ; put the loose pointer back to zero; 
release the lower clip F by turning wheel K from right to 
left; remove the broken briquette, and insert the next that 
is to be broken. 

.\nother useful apparatus for testing the tensile streugtli 
of Portand cement is Salter'a Cement Testing 
Machine. 

This a|)paratus has now been improved and revised so 
as to meet the requirements of the Jtritish Standard Speci¬ 
fication gor cement testing, and it will be found as useful 
a maebine as can be devised for the piiipose. 'It has also 
been increased in strength, and the bucket shot-run, and 
scales made suitable for weights up to l.llOO lbs., as owing 
to the rec,€nt improvements in the manufacture of cement 
it is no unusual thing to find neat tensile tests up to 900 
to 1,000*lba. on the sijuare inch at seven days, and, of 
course, still more than that at longer dates. 

The shape of the clijis is<in accordance with Standard re¬ 
quirements, and these are sufficiently massive to require 
no cross stays. As the speed of the shot feed is now stan¬ 
dardised, a'can for hand feed is not supplied. The speed 
of the shpt ma^ be adjusted to 450 or 500 lbs. per minute. 
With the former speedas the bu^et indicates 50 lbs., it 
makes up a total load of 500 lb;, on the brique^ in the 
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first minute. It is better to use this spe^d with a sand 
briquette, but if the briquette is neat and the test is likely 
to be considerably ovet 5()0 lbs., it bad,better be set to' the 
speed at the 500 lbs. mark. •' f * 

Standard briquette inoulds are ralso supplied with the 
apparatus, and a qlass fpanie toikeep the machine clean and 
'-^^'9 machine should be well looked after, 
and not allowed to get into a (Isrty condition, or its relia- 
bil'ty niaj be impaired. ' * , 

The ap])ivratns consists oft a jai)anned cast-iron foluinn, 
carrying a pair of coqipotind lerers. having a combined 
leverage of !}0 to I. Tlie*ievers are fitted with tempered 
steel knife edges, which rest on ])olished concave liearings, 
also of tempered,steel, thus obtaining a very sensitive 
l)abinee. A sliding balance weight for the jiurpose of 
setting the levers in eipiilibriuni is fitted to the upper lever. 
The upjier clanq), to receive the cement bri(piette, is sus¬ 
pended Ironi a knife edge on the lower lever; the lower 
clani[) is attached to the base of the column, and is adjust¬ 
able by means of a screw and a small hand wheel. The 
supply of shot to the bucket is automatically cut off at the 
moment the briquette breaks. 

To use the machine, set the levers “ flouting ” by means 
of the sliding balance weight. Once set tightly, this 
need not be touched. If, however, it is desired to start the 
load fron^ zero, this weight can be adjusted to balance the 
weiglit of the can by running it out to the end of the lever. 
•In that case either 50 lbs. must be deducted from the scale 
when weighing the shot and can, or, tt) .save this calcida- 
tion, the jx>inter of the balance can be adjusted by the 
screw for that i>urpo86 so as to stand at zero with the weight 
of the call', and in that case the pointer will give the weight 
of shot only. 

The briquette is next removed from its tank, wiped with 
a cloth, and jdaced in the clamps, centrally and flush with 
the sides. ^ < 

Hang the bucket on the bridle and screw u[) the hand 
wheel until the top side of the lever from which the 
shot can is suspended is about half an inch from the top of 
the guide. '^This then allows ample downward move¬ 
ment, if the clips slide up the Ijriquette as the load in¬ 
creases, and prevenfe the lever .touching the bottom of the 




Avuu's Ckmknt Tkstkii (with Watbr). 

first notch. If starliiif; from zej'o the shot should be ad¬ 
justed to run at the •'ilH) Ihs. |n‘r minute. * 

\s soon as the briquette breaks, the bucket falls on to 
the rubber ))a(l and depresses the lever by.whicli the 
shutter is released, and so cuts ofl' the supply of shot. 
■Ml shot must he the same size—No. fi for preference. 
The bucket is then removed and (Placed on j:he spring 
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balance bj which the breaking load is once indicated 
without ca^ulation. , 

If by any chance Vhe ahot should, hang up frojn any 
cause, the container should bd tapped/ * , 

The apparatus will test with eiyaal correctness any load 
from J lb. up to 1,200 Ihs! • ' . 

After ulte the machine should be at once riibhftd down 
with a dry, soft cloth, and jnit wnder cover. , 



AVEHW'S “ T*IU.K I’ATTKItN ' I'K.MENT TkBTKK (WITH SHOT). 

Other machines very commonly used for testing cement 
for tensile .strength are the Avery's Table Pattern 
Cement Teatera as illustrated. 

Tliese tests are*a()plied by means of fine shot flowing into 
a receiver at the end of the steelyard, or in another appa¬ 
ratus water is used to apply the strain. This ensures an 
even an^ steatly application of the strain hy which means 
accurate results are obtained. 

In the former machine the flow Sf the shot is so arranged 
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mat uie strain ia applted to the epeciniea at a uniform rate 
of increaae of 100 ib. in 12 seconds. , 

When the specimen fractures, fii^hot is aulouiaticaiij 
cut offSry a trigger dperated by the sudden fall'of the steel- 
yard. *, 

•The breakiuL' strain of the spocimen'is computed from 
the weight of the shot by unhooking the receis'eS and sus¬ 
pending it from the other yid of steelyard. 'J’he recSTver 
i8j;hep weighed on the steelyard, which gives tile strayp 
(in lbk.)^at which the 8iieciine(j was fractured, and avoids 
the URe of a separate weighing uiacbine. 

The machine is strongly consttiicled, the standard steel¬ 
yard and levers being of cast-iron, and the knife edges apd 
bearings thioiighoiit*of hardened steel. , 

New pattern self-adjusting gun-metal grijis are provided* 
for holding the briquettes, designed to that the strain is 
applied in true alignment, thus preventing any tendency 
to a lateral strain, which would “tear” the briquette anil 
give inaccurate results—the gri])8 agree with the Standard 
Specification. 

In regard to the tests of ageing in coinent and concrete 
mi.vtures and their efi'ecf iqion the tensile strength results 
some interesting and \ispful figures are jiiihlished by the 
(ieological Survey IKqiartuicnt of the rnited States. 

A rejiort u|)on “Portland Ceinent .Mortars and their Con¬ 
stituent Materials” gives the results of over 2.5,f)tlO tests 
made during the years ]lK).')-7 at the Structural Materials 
Testing [jalmralories at l‘’orest Park, St. Jjoiiis, Mo. The 
rejiort may !»■ dividttl into two |mrts. The first deals with 
tests, chemical and phy.sical, of seven different cements, 
and of a typical cement eoiiiposed of a mixture of equal 
pitfts of each of the seven brands; and of fest#on I : ft 
mortars made with these cements in which a standard sand 
was used. The second part of the rcisjit deals with tests 
of-22 sands, 12 gravel screenings, and 2-5 stone screen¬ 
ings, and of mortars made with tltese sands, and with the 
gravel and stone screenings. ' 

The tests of the seven cements and of the mix indicate 
clearly that the ntMcimum tenails str«ngtH>of speci¬ 
mens made from neat cement is reached in About jainety 
days. From that time till 180 days the tensile strengtli 
Temains nearly stationary, apd froin\(?to to 360 days there 
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is a decrease in tensile'strength of about ^5 j)er cent. In 
the^ca.se of standard mortars made from the various 
cements aJ'i showed Vhe' same characteristic falling off in 
tensile strength from 180 to 330 days/ The mixtiirl, how¬ 
ever, allowed a falling off from Op to 180, but a sjight in¬ 
crease in strength'fropi *!.80 tf) 8&). ' Further tests niiade 
on the mtxtHre, after storage in air-tight cans f«r jieriods 
varying from a few weeks to <j, year, indicated that after 
1/10 days' the tensile strength was fairly constant or sUghjJy 
increased. .Mtogether, tl^"! teats for tensile strength on 
both s|ieciinen.s made ffom neat cement and from standard 
mortars do noj exhibit tht. uniformity which might bo e.x- 
pected. .As regards the falling off in tensile strength from 
180 to 300 days, tlieae tests indicate tire necessity of carry- 
‘iny tests over a further period of time, and also of making 
te.sta at a 270 day period. 'I'he. tests on the compressive 
strength indicate a steady and rapid increase in strength 
up to 180 days and a slight increase in strength from then 
onwards. Tests on the transverse strength showed an 
increase up to 90 d.ays, practically stationary from 90 up 
to 180 days, and a slight decrease from that time to 300 
days. 

A study of the jiereentage of gain in strength for various 
periods of time discloses the important fact that while 
cements may test high or low at seven days, at 300 days 
all are fairly close to each other. Cements which tested 
low at seven days, as a matter of fact tested higher at 300 
€ days than did those giving high strengths at seven days. 

The tests indicate, further, that lifiortars made W'ith a 
cement composed of a mixture of a numbqr of standard 
brands are likely to prove more efficient than mortars nuide 
with anj of the individual brands. Further tests, how¬ 
ever, must be made before this hyjiothesis can be definitely 
established. 

The testa made on the sands, gravel, and stone screen¬ 
ings indicate tjiat the "tensile strength of mortars made 
from them decreases with an increase in the ))ercentage of 
voids. The same is true for the compressive and trans¬ 
verse tests, though not so marked in the tests for trans¬ 
verse atrengfli. Testa for density of mortar indicate, as 
would be expected, th^t the density is greatest for the least 
percentage of voids* , 

The New York Public Service Commissiofi, in 1905, 
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commenced an invesfigation of tfie comparative tensile . 
strength .of neat cement and cement and sand briqiiett»s at 
varvilig [leriods np to two yeaiii. 'rijf tesidts ot-tlie inves- 
tigatiofl were read af|^ mcetirtgof tlie Americart Association 
of I’ortljind Cement Aliyinfactiircrs, in J tecemhei', liK)7, 
anj are very iiydiitcfive rcadjng. • The *nvesligation |)rim- 
arilv liadceferenec to the theoreticareheinical»c(i(nposition 
of I’ortland cement; hut as^he tests were very cxIiailSive 
and h^fyc tlie ?dyantagc of being original, we piliposc 
cxamiVie tliem .so far as tla^y relate to the ageing of 
oonorete. 

fn all, fomfeen dilTerent bimnrs of Vortlami cement 
were taken, and nine tests frojii each rnand were 
made, so that the •figures in the following tables show 
the residts of Till te.sts. TIk' hri(|nelle.s were hrolnai «t* 
seyen days, twenty-eight days, three*, six, twelve naadlis, 
and two years. Five dilTerent mixtures were tested at each 
of these periods. After averaging all the te.sts of each of 
these mixtures, the residts are given in Tahh' I. 

T,.\nr,n 1.— Trnsii.k HRsri.Ts ok Niwr Ciwuxt -xni) Con- 

rilF.TK. AT ItiKKHIin.NT pKIIIOIlS. 

.irerage fiisii/fs of Si vciilij-lini 'I'ciils. 

! A«it‘ of Sjiriiplf‘s (lU. jKTsqimro iiioli) 


$ 

Sfv<‘n 

Days 

• 

Twenty 

eitfhir 

TIiht 

.MontliK 

• 

Six Twelve 
MontliK .Montlifi 

3’wo 

Yeiira 

Aunt 

• 

Stnndiml Sttnd 

d87 

7S.) 

7.5S 

777 7!).5 

70.3 

2 and 1 

Naiiirnl Sand. i 

,1S7 

.702 

.520 

.500 

497« 

4(Ki 

2 and 1 ... 1 

•Stpandurd >Sttnd, 1 

411 

5;to 

.51)3 

two 

Olio 

(i07 

2 and 1 ... ' 

1 

KatUTal Sand. ; 

24:» 


37? 

370-* 

:ir.8 

344 

3 and i ... , 

( 


4.57 

.-,:is 

‘ OlMl 

_ Jt 

60S 


When the above results have been plotted into curves it 
will be seen that neat cement reachek itractically,its maxi¬ 
mum strength in the very* short perioi^ of twenty-eight 
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days, and in the large inaj(»ity of cases yiras foand to de- 
cretwe at t^iree months ,and onwards. Quartz sand, con¬ 
crete, however, did Viot reach its lupxinmm until three 
months, after which the strehgth fel( off. The American 
standard crushed quartz sand corsists of that {XHition re¬ 
jected on a sieve of twenffy meshes i)er'lineal inch. Thalfit 
IS decidedly inferior to the natural sand used in tlie above 
tests is doubtless due to the reripective size, of the grains. 
Any advantage which the natural sand may have through 
being slightly clayey would not account entirely, for the 
higher tests. , t 

The period of maximiAn maturity is again postponed 
with the natural sand; indeed, there is a steady gain 
.throughout the whole of the periods df tests. That this 
gdin is relatively small, however, may be better seen from 
Table If., in which all the results have been proportion¬ 
ately reduced so that the tests at six months are repre¬ 
sented by the figures KK), and all the other tests of the 
same mix reduced in the same proportion. 

TaUI-R II.— rilOI-OUTIONATE TeNSIRE REBIIRTS AT 
Difrekent pERIOnS. 





Age of Samples 




Seven 

Days 

Twenty 

eight 

Days 

Throe 

Months 

Six 

l^onthe 

Twelve 

Months 

• 

Twu 

Years 

NefttCemelt ... 

38 

101 

97.5 

100 

• 

102 

98 

Standard Snnd. 

2 and 1 

78 

»8 

102. 

100 

98 

90 

Natural Sand, 

2 and 1 

.65 

8s 

94 

100 

106 

110 

Standftrd Sand. 

3 and 1 ... 

66 

98 

192 

100 

07 

« 

93 

Natural r Sand^ 
3 and 1 

II 

80 

83 

« 

97^ 

100 

106 

109 
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Neat eeinentil are,’therefore, practically as strong at 
tirenty-eight days as at two years, while of concrete fiix- 
ture8*the natural sand samples show’/nore steady increase. 
For tbi first titree itfitnths tlu! increase woi|ld be from 25 to 
SOperqpnt. of the sev^ days' test; the second three 
inanths may Ijring ‘about im iacrpment ^ or 6 per 
cent., or an some cases none at' all, while aftes sAc numths 
the quarterly i)eriods will ^probably see an incremelff of 
1 or 2,j)er cent., or may even show retrograde nibvenieiat 
in the’liardeuing piXK-ess. ^ , 

A further study of the figures in 'J’able T. ^ill show that 
there is a niuch more sutisfactor'^ way of harc^janlngooii- 
oreta than by ageing. The natural sand tests, which tjre 
assumed to a[iproach more nearly to aerial priu-tiee than 
do tlie others, show that at three months a 2 to 1 mixture* 
is as strong as a leaner 1} t() I mixture at twelve months, 
and has the advantage that the increased strength is [ler- 
manently retained. Jn the mamd'aeture of |)aving slabs 
and reinforced concrete heums it will probably be found 
that strength can be more economically obtained by in¬ 
creasing the Portland cement content and shortening the 
f)eriod of maturity. Hy this means the concrete is as strong 
or stronger than the low cement and older samples, and 
has the additional advantage that the short-period concrete 
will continue gaining strength where the older material has 
perhaps attained its maxinuiin. 

Some results of investigations as to the relation which 
the pro|V>rtlon of cement bears to the ultimate strength 
of the concrete have been published in “ Cimentset tUiaux 
Hydrauliipies," In Table III. are given the results of ten¬ 
sile tests, at one year, of briquettes containing varying pro¬ 
portions of cement to one volume of sand. The^ results 
represent the average of a very large number of tests, and 
the proportions of cement given in the first column were 
taken by weight, assuming the sand to weigh 100 lbs. per 
cubic foot. For convenience of csmpnrison, columns are 
added in which the most advantageous strain is repre¬ 
sented by the figure 100, and all other results reduced pro- 
iwrtionately. Within certain limits the stfength of 
sand and cement concrete varies practically wi^li the 
amount of cement used, and the addition of, say, 10 
per cent, of cement will probably ihefease thetstrength 
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in a like pi’ 0 [K)rtion.' For instaliee, a reference to 
Tai)lp ]II. shows that if 100 parts of cein&t give a tensile 
strain prop'ortionat({l 3 ^.jreijre^nte(l by 100, the ad^tion of 
•It) parts of cement increases the tensile strain to ]‘23, and 
similarly ‘210 parts show a proportionate result in kiren^h 
of 212, or pra(!tical1y in direc|j,j)roi)ortion to the. proportipn 
i>f cement injed. Tliis'is nearly true of the' tenstje strain, 
while as regards crushing straitj,the advantage of the richer 
njixtiirei? is even more pronounced. For instance, upon 
referring to Table 111., it jiill be seen that with the pfo- 
))ortion of .’5 cement, oj, say, 2 and 1 sand and cenient, the 
tensile strengt'n ceases to maintain its proportionate in¬ 
crease, although it still increases its strength with riclier 
mixtures. 

r ^ 

( 

T.mu.I! III.—Tknsii.h ami ftiirstiiNo Stiiainh ok 
C oNX'UKTK OnR YE-AR OU). 


Volume 

'rensiU* 


Proportion of KquivaientK 

<ff 

Stmin 





(Viiu'iit 

lbs. 

Stnkiii 




to 1 of 
Saiul 

per 

M|. in. 

lbs. 

(Vmeiit 

Volume 

Teij»ile 

1 ('nishiii^ 

.ir»u 

212 

17.10 

71 

(fl . 

i 58 

.218 * 

:i:i7 

2m) 

loo 

100 

ItM) 

.285 

4n.5 

41»20 

12.5 

129 

1:15 

.:uri • 

400 

.'>r.80 

1.51 

145 

187 

.4 

:i0( 

.■iS20 

17.5 

170 

195 

.5 

71 :i 

7750 

210 • 1 

21P 

200 

.025 

707 

7()70 

274 

228 ! 

! 256 


n 



Compregsion an4 Transverse Tests, 

CllAPTKfi .\;klll. 

P’oLunviXd till' iiiii>ctiis lo the i'OMsmii|itiim of 

I’orthind ceitieiit for the piitjioM’s of coricreti' coiistnictiou 
fic'iienilly, and rciid'orei'd CDiictvIi' in jiartii'idar, the’iu- 
terest in the i|iieslion of coinjiression lei-ts for concrete has 
of late tears heini eoiiMderahlt streiiftthened. 

Until the advent of reinforced eonerele, the jioorest of 
mixtures eoidd jjeiierally he relied n|H)n lo withstand any 
reasonahle eoni|iressi\e stress to which its use would he 
likely to render it snhject. The source of weakness in the 
material which had to he cH^i-dcd aeainsi v\as then ita 
tensile strain, and inasinneh as the coni|iression strenetli 
of cement was known to he far in excess of its tensile 
strenftth, tliere was vert little I'all for a test t^hich tVJia 
seldom necessary and dillicnil lo a|)jily. 

Jn the matter of neat cement tests the tensile strain is 
still the one iijion which reliance is ]ilaeed in ascertainiiijl 
the quality’of the princijial ingredient of the concrete, ft 
is rarely neet'ssary to determine the compreKsive strength 
of neat cement, as such a test would give no injjieation of 
the quality of the concrete which is to he used in a specific 
work. There are so many factors which determine the 
strength of this material that the only le.sts of value must 
he made with the actual ingredients which will he used in 
the work to be carried ont. As Tar as possible it is also of 
importance that the damping and mixing of the ingre¬ 
dients slaaild he conducted precisely as will qcciir in the 
work for which the concrete is to be ii.sed. , 

Crushing tests may bo taken with one or other of the 
ordinary briquette testing inachirves. provided with com¬ 
pression jilatcs. The illustration shows an Attachment 

(337) 
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whicli may he used for a compression test withFairbank’B 
tensile testing; appiirut’is. Tlie capacity of suck an 
arraiiffement is, lioVeVer, liliyted, and. for larger cbes of 
four and six inch sides a. sj)ecial cnisihiig machine -is gene¬ 
rally used. Although rarely carried oijt in this country ty 
cement manufacturers, the test for compression or crusb- 



Fairbank's Tensile Tertinu Machine. 


ing is commonly-performed in factories on the Continent, 
a blwk of cement and sanii being used about ‘21 inches 
by inches by 2^ inches, and prejiared in a similar way 
to the briquettes. 

Tu ordep to secure uniformity in the results of test¬ 
ing by i'ompi'esRion,^^it is preferaMe to make use of some 
luechanicui process tor the preparation of the tpst blocks. 
Care must be exeK’ised in arranging that the pressure be 
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even all over th.-j test block, and, consequently, its two 
facesrflioiuld be well trowelled and,si,qj>oth, and ^11 sand or 
Xrit removed. 

The 141’epaj'Stion ol»tcs( l)ld?'ks for conipressron is carried 
out on tl»e Continent ^)y v«ell inixiii}; 14 o/.s. of cqrnent with 
4‘2V,8. of dry standard sa.nd.» I'o'llus is added ICO c.c. of 



.tlTACHMKST POU C'OMI’HKBRION TeST WITH FaIHBANK's TebTINQ 
Machine. 

■clean water,* and tlie mortar well stirred. Assuming that 
these proportions be adopted, take about 30 ozs. of the 
mortar and fill into a cubical mould under jiressure. 

.4fter the preparation of the block by this pro«*3Ss, well 
trowel the two faces, and put aside to set for a period of 
‘24 hours, after the expiration of which time, place the 
blocks in water. The immersion lasts until the test takes 
place, and each block must be Rested immediately it is 
taken from the water. * 

The Standard machine for carrying out the compression 
tests is a hydraulic apiiaratns by .\mRler-Laffon,*jjf Schaff- 
hausen, Switzerland. 

The machine tests up to 60,000 lbs. compression! 

In testing the cement cubes by thift instrument,the lower 
compressidh plate rests wJlh a spherical surface on the 
piston contained in the main cylinder. * The up[)er com- 
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prcssion jjlate just toudies the flat end of the screw spindle, 
wliidi is (cily used to sot the distance between the^)lates 
to the size of tlie tt'sV blocli., 



Amslkh-Laffon Appakatcb Fon^CoMPUKSsioN Test. 

, . I ‘ ' 

Dunn" the test the upper plifte is at rest, wliilst the lower 
plate is raised by the piston pressing upwards under the 
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action of oil coming from the plfmger pump, which is 
di'iven by a bandre sliown at the right of the illustration. 

Thf pressure of oil in the Jiiaiit c^inder muttipliedT by 
the s^efional m'eii ol*che pisto*! is equal lo the strain on the 
8|)ecinieh block, |)rovide(l that the jiistons move without 
frigtion, and this ha.s»becti aryanggd in Hie consh’uction of 
the apjiaiytiis. • , 

'riie oil also assists to \^>ll lubi’icate and *tie;hten#the 
jiiston.^ 

lu'e.ssnre e.verted acts at the sanu' time uiHin *v 
thin pi.sron transmitting its nft veinent to a loWer piston 
which jinshes the iiiercni v into the fl’anspai'i*nt tube of the 
gauge on the lelt of the machine. The mcreiiN' rises here 
to such a height thaUthe pressure of the colnnin of mercift'v 
balances the pressure of the piston. * ^ • 

In this way, the risi' of mercnrv is a means of measuring 
the pressure of the main points. 

The accuracy of the results read off the gauge de|iends 
only on the jiroper working of the pistons in their cylinders. 
I'liis can he eontrolh'd at any time by moving the pistons 
with the hand and observing that all mo\e smoothly. .\s 
there is neither stnlhug box nor other lining for lightening 
the pistons, the fi ii-tion will he smaller rather than greater 
when the machine is loaded, because of the slight widening 
of the cylinders. 

'I’lie machine will improve by fnapient use ii| conse¬ 
quence of the wear of any roughness on the cylinders and 
pistons. 

.\s regards, aceunwy, the macliim' is, at least, eipial to' 
any good lever machine: in res|)eet to wear and tear, it is 
almost indestt’uetihle. 

Xo special foundation is reipiired for the macl^ne, save 
only that the floor should he strong enough to carry the 
machine safely. 

.\n Knglisli machine for carrying out this test has been 
placed on the market by Messrs. ^W. G. Bailey & Co., 
Tdd.. of Manchester, and is here illustrated. This is a- 
hvdraulic press in which the load is increased by a screw 
plunger worked by hand. The cube is fixed tight between 
the compression plates by the adjusting sgrew shown, 
which is also worked by hand. The load on the s|**cinien 
is given at once by the position of jthe pointer of the 
pressure gauge, whicli is arranged to retain its maximmn 
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poxitiou after tlie H[)ec'imen has failerl by CTUsliing. Tlie 
fluid used in this machine is glycerine or dil. 

As prcvtously explained, a very inifiortant |)oint*to be 
noted in testing eiibVs by (ynupressiftn is yie manner in 
wliieb tile specimens are bedded on the compressioti plates. 
It is necessary that the (\istribiitidli ofitlie load oveV the Jfoj) 
and bottijm ^surfaces Of the bVoek should bd ipiit^ uniform. 
TIk- most satisfactory way of bedding the cubes is by 
using piaster of Paris. The pilaster is laid to a thickness 
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of about a quarter of an inch on the jilates, which should 
be oiled to prevent the jilaster sticking. The bha^k is 
bedded on the piaster before the latter is set, and the test 
may be taken about ten minutes after both top aud bottom 
faces of the cube have been so treated. 

The. shape of the fractured specimen is the usual one of 
«two more or less perfect pyramids joined together at the 
apex. _^’ 

Neat cement tested after seven days may Be ex|)ected to 
jirovide y crushing strain of 5,000 lbs. per S()uare inch, and 
about G,i)00 lbs. in ‘28 days. The strains wbicb result from 
a mixture of cement and sand, or cement, sand, and stone, 
vary within very wide limits with the following con¬ 
ditions :— 

« 

The amount water used in mixing. 

The thoroughness with which the mixing is conducted. 

The aijtount of cement used. 

The^size and shajie of the grains of sand. 

The'havdness, shape, and size of the stone forming the 
aggregate. * • 

The age of the specimen. 
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[ii ordinary euiiiiiittroiul iiiacliiutMiiixed concrete made 
with four parts hy measure of cru.siied hard rock or gravel • 
whiali viill pass tliroiigh a one-ineii swve, two pgrts of tlean 
sand iijid ou^ ](ait gement. a tTushi/gMrain yf from 2.400 
to 3,000 Ihs. per s<j<lai'e ineh would he obtained in one or 
two JiKJnths. 

Hard liuiestMies, traji roelf, or evsshed granite form suit¬ 
able aggregates, so far as eoiupressive strains ifre eonegtgu’d. 



Haii.ev's Testixo Macuink roll ('oMi’iirs.siuN Ciiiiks of Cement. 


(1 ravel also gives satisfaetorv results, although the fact that 
gravel larks the .sharp, angular Ha uiation of erushed stone 
may cause it to give inferior results in short-time tests. 
Many eoiierete engineers of exi)erienee regard gravel as 
giving qtiite as high results in eotiipressioiAas erushed 
stone, notwithstanding its rounded and sinoAlh foi'in. 

A mixture of sand sind eenieiit in ecitial proportions, 
tested after two and a half years’ st'fting, has been found 
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to cnisli at 11,330 lbs. jier square irwh, while a and 1 
iriixtiirf ,it the siinie a^fe piyj' a result of 8,< 10 lbs., acrord- 
in" tV) tests.taken at t(he •-Wavcrtown Arsenal, U.S.A.*’ 

Ainoii}; the. hijjbeiJt tesiilts b^Uained iw ordiqarj’ coRinier- 
cialcoiicrf'te an- tbo.se advertised by the various makers of 
pavinjj; slabs in l-.iij-land.^ Alost ol the, slab tuanuficturera 
publisb pi;pperly autbenitieatell tests, {-ivinf- strains from 
H.OOiMbs. peV s(piare ineb to nearly 13,0(K) lbs. at three 
niondis. (.Tlie.-a- results were ofttained in -iit.iiite concrete 
coOsistinfj lor tb<- most part of ii-inch chippinoa and cdinefit 
in the |)rop(a’tions of *21 and lS)r 3 and 1. 'Fhe concre'ic is ob¬ 
viously factorv»inade, iAid jnachino-inixed, and such high 
results cannot be looked for in work carried out in xilu. 

Some ti'sis are here given of concrettias used in connec¬ 
tion with the King's Dock, Swansea, which all'ord a 
clciirer idea of the residts obtained under ordinary con¬ 
ditions in ci\il <-ngim-ering woik. 


T.mi.E OK Tksts mo>h with Ci iies ok 1:15:2} Concketr. 
Sr^K Tiisr Bi,ocKs-'f»rv. (‘t'hk. 


PcsfripHoii 


1. lifitery kiln — 

Aggn^pilo, grttnit^* t'ltippiiigs 
and 4.>HrHe sand. Averag<‘ 
of six tests 

Itotary kiln wnient— 

Awrage of two tesU 

Aggregate, natural fine gravel 
and C)arsc‘ sand. Single 
tests ... 

3. Ordinary kiln (vnient - 

Aggrt'gatc, natumi line gravel 
and coarM(‘ sand. Average 
of two testa 


l^mshed at 


Wi-ijiht 

Age 

Per aq. 

P(‘r Rfj 



iiU'h 

f<i»t 

M>s. 

Monihs 


Ti»ns 

1 IS.S,-. 

:t 

.■t.fiS,") 

2;n.o 

' IS 7:1 

(i 

a.iifls 

2.-t7.1 

i IH.72 

1) 

t.tll7 

2S7.3 

( lli.li!) 

*3 

2,!S)7 

101.2 

1 10..*(rt 

i) 

\Ara 

157.8 


» 

2.1172 

ini.i 

y" 1.7. Sii 

9 

1,940 

124.8 

) ir).»2 

3 

1,182 

76.0 

- irK.3!{ 

(1 

1.440 

92.6 

) 115.55 

0 

1.541 

99.1 


Jn pnu't^'iil reinforc'tnl work there should be no diffieulry 
in securing tkit the concrete will stistain a crushing stre^ 
of •2,400‘lbs. jier si), inch, and on this basis the rules of mo.st 
countries ,tind goveannents reqitire that the working 
stresses on concrete sluill not bxeeed (iOO lbs. per square 



TRAJJSVERSE TESTS. 


345 


inch in beams and 5(K) lbs. in coUwnns to provide an ample 
niar>;in of sa-fet/. 

With' a good cement and ordin.ary.aare there should no 
danger in wyrkingsto these figures! • * 

An instance of thd strength of concrete made from rotary 
lain ceWnt may hijre Ik' cited as of injterest. .During the 
demolition of 5 concrete waif in aaniection with^the Stock- 
port wafer scheme a portion of the concrete kvas sct^wide, 
and handed (*-er to testing^ex|)erts for c.\aiignatiijf). Cubes 
N^ro’cut from the sam))ic and tested, the average of rtie 
tests sBowing l.lod |hs. per*(|uiire inch, and.thc highest 
being .'5,(WO Ihs. The concrete wfis about* two years old, 
and was made with limestone ehippings*(i and hand 
formed part of the.ordinary contractor's work as provided • 
ha- a concrete dutii. 'J’hc samples wcr(» obtained bv blast¬ 
ing. • 

The ratio helween the tensile and crushing .strains 
of eonerete is not invariably t-onslant. The eompressivo 
strength ii'erease.s more rapidiv with age than does 
the tensile strain. At two months the r.itio of compres- 
sioTi to tension is about 0. At six months it woidd inerease 
to 10, and at twelve months to 10^, aceording to re.sults 
iad)li.shed by .fohnson in “ Materials of Constriietion." A 
similar ineiea.se in the ratio with richer mixtures is also 
noticed h\ Candlot, who faddished in “ Ciments et Chaux 
Hydraulitpies " the results of.tests of eenien^ mortars 
which showed a ratio of compression to tension of from 7.2 
to 10, varying with the riehness of the mixture, and being 
greatei' wijh richcf mixtures. A\’e give below an extrart 
from these tests converted from the metric systetti. 


Ratio of Compression t<> Tension with Varyino 
12 MovTira’ Mati rtty. 

Mintfrfs at 

Lbs. f»f ctntient 

Tension in 

1 CoinpivsHion 

Rfitio 

IKT pubi<! ynrtl of 

lbs. |s*r sq. 

1 in lbs. p(‘r sq. 

('onipri'wiion 

sand 

! ineh j 

I ineh j 

Tension 

1 

70 

.->07 * 

7.2 

420 ! 

212 

i.raa 

8.1 

rm ' 

337 

2.»S() 

8.8 

750 

435 

4.(120 

9.2 

930 

490 

5,58(» • 

11.4 

1,100 

504 

5.820 

9.8 

1.3.W j 

713 

,7.7r)0 

10 9 

1.7(;o 

• 1 

7li7 . 

i.m 

10.0 
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Transverse Tests. —Altliou^'h.) little is -at present 
.heard I'rojii cetiient nianiifactiirers and engineers respecting 
till' t.'aiisvefse tests of Portland cement and concret?, it 
must he admitted that this test is extremely useful in,show¬ 
ing the hardening of cements between ihe final setting time 
and the usual I)erio(^s for ascertaini-ig tlieir tensile strength. 
'J'he cement maker has found the tensile sirenglh test'd 
conv^pient oi'io to adijpt at his works, where a|)pafatus has 
been installed for taking the test. Tlie engineer, now that 
lei.iforced concrete has become more general, has naturallv 
a somewhat greater interestan the crushing test, at least 
so far ns the testing of es,nci;ete is concerned. 

The transv'U'se test has, therefore, not received sulficicnt 
coiwideration, although for many years it has been held in 
e/!teeni by clerks <.f works and others having the actual 
supervision ami pjactical experience of concrete wca'k. The 
chief reason, perhaps, is due to the ease with which such 
a test can be conducted on the works, and the latitude it 
allows in the way of varying dimensions of the sjiecimens 
to be tested, but little itdormation is available as to the 
further utility and results of the transverse tests. 

In many cases, however, the transverse lest is the only 
available method of testing, particularly with regard to con¬ 
cretes containing large sizi' aggregate. .\ ten.sile test of 
one s(piare inch in the usual testing machine is clearly ini- 
|H)ssible, ^’hile a crushing test involves the use of e.vpensive 
apparatus. 

\ great advantage from the transverse tests is that a very 
simple arrangement of two knife edges upon which .he bar 
is to rest, together with the means of ap])lying'the load to 
the centre of the bur, can be made to give reliable residts. 
]n the case where the weights applied are iTiulti|)lied by a 
lever arruiigement, care should he takeji that the load is 
applied quite ))er|iendicnlarly and at right angles to the 
axis of the bar. 

'I’he relation which the modulus of rupture or extivnie 
fibre stre.s8 bears *o the tensile .strength of the material is 
somewhat inconstant. I'he usual formula :— 

F = 

2bd<' 

gives lugner resuiis ijign could be Obtained by the direct 
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tension tesrt, ;ind f’caeral experience would point to F re¬ 
presenting fro»i one-und-ii-lialf times to twice the actuai 
tensile’strength. 

The relation between th^ Iransv^rsP test si/id tensile test 
<>f eiven sample? varies as innch with regard to con¬ 
dition! as does the.relation between the tensile and crush¬ 
ing tes^. The modulus ol*rupluiv may, liowijver, be ex¬ 
pected to bear a proportion of from l.i) to tvfice thed*nsile 
strength as»previously iffentioned, with tjie bar of neat 
■^m^i't to bo tested, given a span of live ami one-third 
incheif with a cross section ofWwo inches stpiare. 

It will be seen from the forruiiliJquoted iJiaf Ibe breaking 
weight ajijilied at the centre of sneh'a bar will be the same 
as the extreme fijire stn>ss of the spi'ciinen. and that a« 
weight of 0(10 lbs. applied would denott! a stress of fiOO lljs. 
})er square inch on the specimen. .'\ multiplying Tever 
would be required with these constants, ami in some cases 
it would be found more convenient to provide a longer 
span, and thus reduce the weight necessary to break the 
s]iecimen. 

In testing concrete the section of the bar must depend 
to a large extent upon the size of the aggregate used, so 
that it is not possible for any large piece of stone to take 
up a considerable proportionate area of the point under 
tension. 

In the ordinai'v way transverse tests at sborj dates are 
somewhat unreliable unless ascertained by a. carefully- 
prepared fester, and particularly is this so with regard to 
concrete yiixtiirei, and where lariations of moisture add 
heat prevail. The bars are ofti ii immersed in water for a 
seven-day ^est to secure as much uniformity as possible, 
although at earlier dates and during the hardening of neat 
cements tlie transverse test is most \aluabie, providing a 
suitable apparatus is available. 

.•\ number of .American tests, given by Sabin, show 
results in transverse strength with bars of the dimensions 
mentioned previously of from l,l(M)»to I,,300 lbs. per 
square inch at different pei iods as compared with 580 to 
733 lbs. tensile strain. , 

A large number of tests have been igadJ from time 
to time with bars of neat cement of one sipiare inch 
section on a span of 6 inches, tlie ^lars bein^ 8 inches in 
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length. .An average breaking weight «f 91 iba.‘applied at 
the centre which was obtained would denote a theoretical 
fibre stress of 819 lbs. jfur ♦i()uare inch, as compared wildi ‘a 
tensile strength of 4.10 tlis. fielt,square irch nb/.ainedifroni 
tlie same cement. This result reiiresefits about I.SHiines 
the tensile strength,,and agrees xf'itli.the ])reviou‘s tesf 
quoted. l^t was lbund*from ^he experiments then made 
that bill's ot ndat ccmeni made with ‘20 jier cent, of w.ater, 
8 inches Igng apd 1 inch square*in .section, bore a weight 
of (Vne-fifth of the specified tensile strain witliout brealnn/S 
after seven davs' immersion*in water. The span Aif the 
bars was tl inchus. •- , 

It has heels-suggested that a traiisver.se test should be 
,incoiii))orated in cement specifications, ynd tliat this test 
would appear to hate a greater sphere of usefulness in the 
testing of mortars and concretes, uhosc comjiosition make.s 
them nnsuilable for making iqi into the small briquettes 
nece.ssarv for subjecting to the ten.sile test. In this con¬ 
nection the transverse test will certainlv be found of value. 

The test. liowe\er, has another iiiifiortant sphere of use¬ 
fulness, and this was referred tii in a ])rcceding chapter 
on the setting of cenicnl. 

It has heen stated that the difl'erence in the times of 
•setting, and of the ultimate hardening of numerous cements 
produced hy the rotary kiln to-day, is a factor that must be 
correctly lyid surely gauged by extensive cement users so 
as to .n void untoward consequences in concrete work due to 
the delay sometimes experienced in the hardening of enn- 
cft'tes after being placed in position. , , ' 

It is, for instance, far more important for the contractor 
to know how long he might work his cenielil without 
damage thiyi how long it takes to obtain .a certain arbitrary 
tensile strength. 

I'he difference in the times of hardening of various 
oeinents can be accurately gauged by the use of 
the testing machine as devised by the author and the re¬ 
sults of such testsnipon many cements at pre.sent on the 
market explain in what way the transverse test demon¬ 
strates the hardening of cements at early dates and the im¬ 
portant hearnifi this lias iqion the strains to he applied to 
“ green concrete made with certain slow hardening 
cements. These test^ sJiould all li^ made with the neat 
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cements, for iti is assumed that in uppraisiiif! the setting 
iUKLhahleuing <jualities of the ec«iiei|t to be u.s«d the ft?sults 
li'um^he n^it cement will^Iot Iw <niTteriall.v altered other 
than ki proper ratid, hy the addition of aggregates u.sed in 
Rie inflking of ajUQireteS with such cements. • 

The study ^)f neat tfans\*erse*t<4it8 shows, fyr instance, 
the till!? and dates at wliicli the hardenliig of #jrtain 
cements cankJe stated to Kave arrived at maturity', and this 
* iWIportant information in the uses of cement in vie\f of 
tlie sftioiis results whicli mkv arise from an •inordinately 
slow setting or slow hardenii^ A’lnent Iti'ing employed; 
and hy the mistake of iisine a (|nick-setting^'ement which 
has been re-mixed jn use, and which in such a case do«*S nott 
again set or harden until the eenierit or conen'te ,hiis 
thoroughly dried. 

Jn both the tensile and conijiression tests a certain result 
will he ohtainahle hefoie the cement can he said to have set 
hard, whilst in its " preen ” state and again at the early 
hours of the lest, such as ininiedialely after the final set, 
310 hardening ie.sults are ohitiinahle, for tlie te.st blocks will 
not hear any strain. In the case <d' the transverse tester 
here devised, the results arc aseerlainalde immediately 
upon the final setting of the cement, and a, (juantitative 
test of the hardening properties of neat cement, and cement 
and sand lairs, shows exactly the results tliat lyay he ex¬ 
pected in the setting (iroperfies of the cement in use before 
tensile and compression tests are ajiplii'alde. 

It hSs been seen that the information given by this test, 
and its inuividual value, cannot he obtained hy any other 
test now in*vogue, such its for instance by tensile strength 
or compression, becau.se in lhe.se tests no earjy' timi' re¬ 
sults, say, during the final setting and hardening of the 
cement, can he ohtiiined by the apparatus. 

For carrying out the transverse lest stieeial apparatus 
lias been devised and in I'xei uting the test a useful 
speoiiioation . for the preparation »of test barsds as 
follows:— 

General.— The bars shall he C inches lopg by 1 inch 
square. When the test-bars are gauged tjie stime are to 
be marked with the trowel at the point indicated on the 
mould where the knife-edges of thg testing machine are 
placed. .The stress shall be api)lied on the rough surfaces 
of the bars—not on tlie surface which»has been trowelled. 
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‘ Neat Cement Bara. —For the preparation of each bar 
200 gt’aniinej of cemert sJiall be mixed with fresh water, 
and tlie temperature''thereof Apd that of the t|esting<rooiu 
shall be from .58° to 64° P. The quanfity of water wsed in 
gauging shatl be appropriate to thf nature of the cAmenJ.. 
and shall lv> so pro|)orti6ned tluit the mass when gauged is 
of a Si'ni-dry consistency (from 35 c.c. to 50 c.c. of water 
is to be ured, that is, 17.5 to 2.5 per cent.). 'The cement 
wlfen gauged as above shall be filled into the mouldfs bt 
thumb pressure, the mould testing on an iron ])laft'. All 
the cement gauged shall*oe pressed into the mould. When 
the cement lafs set sufficiently hard to enable the mould to 
'be removed without injury to the bar, su/'h removal is to be 
efTefted. The bars' shall then remain in the atmosphere 
until recpiired for breaking. 

Sand Bara (3 jdus 1).—The cement shall also be tested 
by means of bars prejiared with three jiarts by weight of 
dry standard sand and one part cement, the said bars being 
of the size and shape described for neat cement tests. The 
mode of filling the moulds shall also be similar. The 
weight of dry standard sand to be used is 150 grammes, and 
this is to be thoroughly mixed when dry witli 50 grammes 
of cement. The jiroportion of water sh.dl be appropriate to 
the nature of the cement, and so pro|K)rtioned that when 
gauged thr mass is of a semi-dry consistency. From 16 c.c. 
to 22 c.c. water shall be used—that is, from 8 to 11 per 
cent. The whole of the almve mixture is to be pressed into 
ttie mould, and then removed and rested, in the ijtmdsphere 
until tested. 



.Note.— This Spccificalion rle.fmes tbe> standard quality 0 / • 
fcnient and tarunm matters rekitive thereto, but does 
net inehde the provisions neeessary for a contract for' 
tlm Side or use of cement. 

BlUTISH SfAFiDARD SPEaFICAJION 

. ■ * FOR • . 

PORTLAND CEMENT 

[Kuvised IS)20.] 

• 

1. CompoBition and Manufanturo ft Cement.-- 

Tlio coiueiit .shall he iiiaDul'iictfliva l)y iiitiii^jiU'ly 
l(>{;t'ther calcmvoii.s and argillaceous jiiaterials, hiiri^n^ 
them at a elinkering teinj)eratiire and yindino the result^ 
ing clinker, so as to produce a cement capahle of colnplyhjg 
with this Specification. 

No addition of any material shall he made after burning 
other than calcium sulphate, or water, or both, and then 
only if desired by the N’endor * and not jirohihited in writ¬ 
ing by the I’urchaser. 

Xo cement to which slay has been added or whieh i> 
a mixture of I’ortland cement and slag will comply witl 
this Spccificalion. 

2. Samples for Testing and by whom to bf 
taken. —\ sample or samples for testing may be taken by 
the Purchaser or his repre.sentative, or by any ptrson ap- 
|K)inted to superintend the works for the pur|X)se of w’hich 
the eeiyent is reipiiied or his rcjircsentativo, or by any 
ex|)ert analyst enifUoyed or instructed by such Piirchasei 
or person, pr the representative of such Purchaser oi 
person. 

3. Samples for Testing and how to be*taken.- 

l^ach sample for testing shall consist of approximate!; 
equal [lortionH selected from twelve different positions ii 
the heap or heaps when the cement is I(k)sc or from twelvi 
different bags, barrels, or othci- (wckages, when the cenien 
is not l(X)se, or where there is a less nuAiber than twelvi 
different bags, barrels, or other packages, then from eaci 
bag. barrel, or other package. Every care shall be takei 
in the selection, so that a fair average sample tnay b,e taken 

• 'fhe term " Vendor ” throughout • this fipecifljation shal 
mean the jeller of the Cement whether he be the manufacturer 
of the Cement or not. • 

(TSl) 
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* 4. Sampling Large Quantitiea —\Mien more tlian 
250 VoiiK of cement if toibe sampled at one time separate 
samples shall he tak’ert, as pi^),yided in Clause_3, frotu each 
250 tons or part thereof. 

•N'ot more than 250 tons shall he stoi;ed in such a manner 
that it cannot he .separately identified and sampled m 
acc(.f,'lauce vf'ith the provisions of this Clause and Clause 
3, and sepaiat“d in hulk from I'lie remainde ■, c.f/., in the 
event of storaffe of more than 250 tons of cement in a si'.), 
provision shall he made hy' vvhich each 250 tons,- or any 
part of 250 to.is in excess thereof, shall he isolated from 
the lemaindcr, and sampled at dilTerent levels. 

5. ' Facilities for Sampling and Identifying. - 
TIk- Vendor shaH afford every facility, and i)rovide all 
lahoiir and materials, for takine and packin-; the samples 
for testing the cement and for suhsei|iicntly idenlifviny the 
cenicnt samjiled. 

6. Cost of Tests, Analyses and Samples. —The 
tests and chemical analyses hereinafter menlioiu-d. other 
than those referred to in Clause 15, shall (unless otherwise 
provided in the contract hetween the Vendor and the Pur¬ 
chaser) he made at the exiiense of the Purchaser, hut no 
charpe shall he made hy the Vendor for the cement used for 
samples or for carriage thereon. 

7. Tofts.—The .sample or samples shall be tested in 
the maimer hereinafter mentioned for : 

(</) Fineness. 

' (b) Chemical coniiiosition. , 

(c) Tensile streiipth (neat ceiiientl. 

((/) ,. ,, (cement and saiid). 

(c) Rettiiifi time. 

(/) Roimdiiess. 

And before any sample is submitted to tests (cl, (r/t 
and (/', it shall be spread out for a depth of 3 inches for 
24 hours in a temperature of from 58 to 04 degrees Fahren¬ 
heit.* 

8. Test for Fineness,— The cement shall comply 
with the following conditions of fineness :—100 grammes ' 


• The t.-niperntures stated are applicable to temperate climates. 
In other climates apeoial arrangenieiits between Vendor, and 
Purchaser niiist be iiiude untess tie temperature herein stated 
can be artifieiallv obtained in the laboratory or other place where 
the teste are made. ■ 
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(or say 4 ozs.) of cement shall be continjjotlsly sifted for 
a [jenod of 15 nunuJ;es_oii each of the undermentioned 
sieves and in the or Jor of succession given below with the 
following results:— ' ,' ' 

(1) Tlje residije on a sieve IfiOx 180^=^32,400^meshe8 
per square inch, shall not exceed 14 per cent: 

Tfie'residue on a sieve 76 x 76- 5,77j meshes 
per s(juarc inch, sliail not cxccc(\.l per cent. 

■ .Vir-set lumps in the samples may be broken dowB, wfth 
the fingers, hul nothing sl.jill he rubbed on the isievc. 

The .sieves .shall bi-.,prepared from wire-cloth and the 
diameter of ,*he wire for f he .'W. IUO mesh shall be .6018 
inoli and for the 5,776 mesh, .(M)14 inch. The wire-cloth 

nhall be woven (not twilled), the cloth being carefully 

mbiinted on the frames without distortion. 

9. Test for Chemical Composition.-- The cement 
sliall I’oinply with the following conditions as to its chemical 
com]',osition. 'I’be |)ropoition of lime, after deduction 
of th<> projiortion luaessary to combine with the 

suipliuric anhydride present, to silica and alumina 

when calculated (in chemical e(puvalents) by the formula 
CaO _ 

SiOa -e Al^Og 

shall not he greater than '2.85 nor less than 2.0.* The 

* UxAianE.—In tlie ca-sc of a ccniput coiilMiiiing ()u.2H per cent, 
of liniP, 21.<> per fi'iit. (»f siiivii. 8.K> iH'r cent, of ahiiniiia, find 
2.iMi per foiil. of sulpluirio anliydridp. tho proiiortion oi ]imo, {iflor 
' doduotion of tin* proportion iiort^ssary to coiidiim* witk llio siil- 
pluirio anliydrido prosiiit, to Hilica and 'uliiininu would 1 h> as 
follows 

Molecular weight of Litnc ... rr 5C' 

^ Hiliru ... S' (50 

,, „ Alumina ... s 102 

„ „ , RnlphurioAiihydride= 80 

liime combiDiug with 2.on per cfiit. of 

Bnipimric Auhvdridc = “ ^ I*or cent, 

ou 

()iS.28 - 1.4if ss 61.8K per cent. Lime 

Lime {(laO) = = LIO 

no 

Silic8(SiO,) = 0.36 

A'cniina (AijO,) = 0 08 

• MO 

^ SiOr+AijO, 0 3e-p(l.08 " 
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percentage of jnsoliTble residue sliall not exceed 1.5 pen 
; that of niapiesia shall ii^t .ejcceed 3 p(y cent#; and 
the total sulnhur c^piitent caleulatei aR sulphurrc anhydride 


--WOinl. , j * 
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(SOs) sliall not exceed 2.75 per cent. The total loss on 
ignition shall not exceed 3 per cent. ’ * 
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10. Test for TensiU Strength'(Neat Oment).— 

Tlie breaking strength of neat cement shall be ascertained 
from 'i)riqu(A/tes of ^te 'shape shown. The briquettes , 
shall be prepared in the following niaipter :—> , ‘ 
Preparation of Briquettes. —The^cement shall be>inixed 
with such a''i)roporti()n pf twakr that tfie mkture shall be 
plastic when filled into the moulds used for fomring the 
briqudttes. o 

I’he ceifient, gauged as above, shall be filled into mc.nl^ 
of the form required to produce briquettes of the« shape 
shown, each'mould resting upon a. non-jwrous plate. In 
filling the numfds the opei'ator’s hands and the blade of 
the ordinary gauging trowel shall alone be used. 
"I'lie trowel shall vyeigh about oas.' No ramming or 
lulniinering in any form will be j)ermitted, nor shall any 
other instrument or apparatus other than the trowel 
Ijefore described be employed for this operation. The 
moulds after being filled may be shaken to the extent 
necessary for ex|)elling the air. 

Clean ai)plianees shall be used for gauging, and the 
temperature of the water, and that of the test room al 
the time the above oiwrations are being performed, shall 
be from .58 to to 04 degrees Fahrenheit. 

The briquettes shall be kept in a damp atmosphere for 
24 hours after gauging, when they shall be removed from 
the moulds and immediately submerged in clean fresh 
water and left there until taken out for breaking. The 
v\'ater in which they are submerged shall be renewed every 
seven days and shall be maintained at a terniierature of 
between 58 and 64 degrees Palirenheit. Aftqr they have 
been so taken out and until they are broken the briquettes 
shall not bv allowed to become dry. 

Breaking .—The briquettes shall be tested for breaking 
strength at 7 and 28 days respectively after ganging, six 
briquettes for each period. The breaking strength shall be 
the average tensite breakmg strength of the six briquettes 
for eadi period. The briquettes to be tested shall be held 
in strong metal jaws of the shape shown, and the load 
shall bo st'eadily and uniformly applied, starting from 
zero, and increased at the rate of 100 lbs. per square inch 
of section in 12 seconds. * 

The breiiking streii^th of the, briquettes at 7 days after 
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gauj^ing shall be not less than 450 lbs. per square inch of 
section. , ^ 

The breaking strength of the briquette,s at 28 days .after 
gauging shall show an increase' on thef breaking stiyingth 
at 7 days, an^ shall l)e not less thaivthe .nupiber of pBunds 
per square inch of .seetinn“ari-ived at from ttte following 
forniul^:—' 

Bresking slrengthat 7days + ^ 

. p • 

11. Tent fo;* Ten«Ue Strength (Cement and 
Sand).— The freaking streilgth of cement and sand sliall 
be a-fjcertained from i)ri(|uettes also of the shape shown. 
The briquettes slvill i)e prepared in ■ the following 
manner ;— 

PTcparatiun of BriqucUvn .—.\ mixture of cement and 
sand in the projiortion of one ))art by weight of cement In' 
three parts by weight of the standard sand specified on 
page 3(i0 shall be gauged with sufficient water to wnt the 
whole mass throughout without any excess of water being 
present. 

The mixture gauged as above shall be evenly distributed 
in moulds of the form required to pr(,duce briquettes of 
the shape shown, each mould resting u|)on a non-porous 
plate. After filling a mould a small heap of the mixture 
shall be placed upon that in the mould and patted down 
with the Standard S|)atula shown until the mixture is 
leVel with the top of the, mould. This last opferation 
shall be re[>eated a second time and the mixture 
|)atted down until W'ater appears on the surface: 
the flat oi\ly of the Standard Spatula is to be used 
find no other instrument or afiparatus is to be employed 
for this operation. The mould after being filled may be 
shaken to the extent necessary for expelling the air.' No 
ramming or liammering in any form will be permitted 
during the preparation of fhe briquettes, which shall then 
be finished off in the moulds by smoothing the surface with 
the blade of,a trowel. 

Clean appliapces shall be employed for gauging, and the 
temperature of the water and that of the test room at the 
time the above operations are pefformed shall be from 
68 to 64 de^ees Fahrenheit. < , 

The briquettes shall be kept in at damp atmosphere for 
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34 hours Jfter gauf^ng, when tlfry shall be removed from 
the moulds atid immediately submei'ged in clean fresh 



Standard Spattoa. 


water, and left there until taken out for "breaking. The 
water in which they are subn^er^ed shall be renewed 
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every seven days, and luaintained at a tem^rature ftf 
between 58 and 64 degrees Fahrenheit. After they have 
been bo takeli out an^ hntil they are broken the briquettes 
shall not be allowed tobecomeidry. 

Breaking .—The briquettes shall^be tested lor breaking 
strength at V and k!8 d^ya respectively'affer,gauging, sit 
briquettes ftir «ach ))eriod. The breaking strengthrshall be 
the avferage tensile breaking streagtli of the sjx briquettes 
for,pach iiferiod." The briquettes to be tested shall be,hel^ 
in strong metal jaws of tbe^shape shown, and tlif load 
steadily and' unifoniily applied, starting from zero, and 
increased at the‘rate o'f IfXiSbs. per sijiiare inch of section 
in lij seconds. 

“ The breaking str^.ngtli of the briiiuettes at 7 days after 
ga*uging shall be not less than 200 lbs. per square inch of 
section. 

The breaking strength of the briquettes at *28 days after 
gauging shall show an increase on the breaking strength at 
7 days and shall be not less than the number of pounds per 
square inch of section arrived at from the following for¬ 
mula :— 

Breaking strength at 7 days+ 3 /^^° at 7 days. 

Standard Sand .—The standard sand shall be obtained 
■from Leigllton Buzzard, be thoroughly washed and dried, 
and shall pass through a sieve of 20 x 20 meshes per square 
iqch, and be retained on a sieve of 30 x 30 mesligs per 
square inch. The sieves slmll be prepare.1 from ivire-cloth. 
the wires being .0164 inch and .0108 inch in diameter 
respectively. The -wire-cloth shall be woven (not twilled), 
the cloth bfiing carefully mounted on the frames without 
distortion. 

12. TMta for Settlngl Time. —Unless a specially 
quick setting cement is specified or required, it shall have 
an initial testing time of fiot less than 20 minutes and a 
final setting time of not more than 10 hours. 

If a specially quick setting cement is specified or re¬ 
quired, it slfall Jiave an initial setting time of not less than 
2 minutes and a final setting time of not more than 30 
minutes. 
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Yicat Needle Apparatus. —Th# initial and final setting 
times pf the cement shall be determined by means the 
VicSt needle apparatus shown. *. ’ * > *. 

Fo* the purpose of carrying ouf the test», a test block 
shall je m^e as follows:— 

» Neat cem^t'shMI be gaHged»ii\ thS manner and under 
the conditions referred to in Clause 10. and fhe gauging 
.shall be conipleted ))efor» signs of setting occur, 'fti’e test 
Wo^ shall then be made by filling the c«%ient*gauge4 as 
iibove, into the Vicat niouij shown at the mould 
resting upon a non-|)orous plate, ,'rhe mould shall be com¬ 
pletely filled, and the snrface’of the testT^Ipck shall then 
be smoothed off level with the top of the mould. ^ ^ 

Determination of Initial Setthifi Time .—For the deter¬ 
mination of the initial setting time the test block confined 
in the mould and resting on the plate shall be placed under 
the rod bearing the needle; the latter shall then be 
lowered gently into contact with the surface of the test 
block and quickly released, and allowed to sink into the 
same.* This process shall be re[)eated until the needle, 
when brought into contact with the test block and released 
as above described, does not pierce it completely. The 
period elapsing between the time when the cement is filled 
into the mould and the time at which the net-dje ceases to 
pierce the test block completely shall be the inijial setting 
time above referred to. 

Determination of Final Setting Time.—For the deter¬ 
mination of the ^nal setting time tlie needle (C) of the 
Vicat apparatus shall be replaced by the needle (P), shown 
separately.* The cement shall be considered as finally 
set when, upon applying the needle gently to the surface 
of the test block, the needle makes an impression thereon, 
while the atta<'hraent shown in the figure fails to do so. 
In the event of a scum fonning'on the surface of the test 


• The Vicat Needle may. if desiriW, be fittul with a niechnnical 
attachment such as a ‘•dash-pot.” so as to ensure the steady 
and gentle application of the point of the needle to the surfare 
of the test block and thereby render the lest indejjfmdent of the 
hand of the operator, .* . „ . 

Care must be taken that the needle rests with its yill weight 
upon the surface of the test block. 
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block, the underside of'tlie test blotk may, Ite used for 
•deteriiiininf' the final set. 

< , i. c 

13. Test .for dotihdn^^— The• ceniept shdl be 
tested for soundness by the Le Cliatfelier method.J' The 
apparatus fw (vuiductinff ^tbe Le f'batelie<' te.st is sbowp. 
1’bc tiiouUlg shall be kept in fjood eonditio'n, ba^’ing the 
ja\vs<ijot inor^ than.0.5 mm. aj)yrt. 

In con(Jucting the test the mould shall be jtiaced upon a 
smfill ))iece of glass and filled with cement gauged irf tlfe 
manner and-under the condifions referred to in Clause 10, 
care being tak«,i to ke^f) the edges of the mould gently 
toge’ther whik.t this o[)eration is being performed. The 
iinoidd shall then be covered with another glass plate, upon 
wh^yh a small weigitt shall be placed, and the whole shall 
then be immediately submerged in water at a temperature 
of 58 to 04 degrees Fahrenheit, and left there for 24 hours. 

The distance separating the indicator points shall then 
be measured, and the mould again submerged in water at 
58 to C4 degrees l''ahrenheit, which shall be brought to 
boiling poiiu in 25 to 80 minutes and kept boiling for six 
hours. The mould shall then be removed from the water 
and allowed to e(K)l and the distance between the points 
again measured: the difference between the two measure¬ 
ments represents the expansion of the cement. When the 
8am])le h^s been iterated for 24 hours in the manner 
described in Clause 7, the ex))ansion as above determined 
shall not exceed 10 millimetres. Tn the event of the 
rtiinent failing to comply with this test,a further tetit shall 
be made from another portion of the same sample after it 
shall have been aerated for a total period of 7'days in the 
manner before described when the expansion determined 
as above sfiall not exceed 5 mm. 

14. Non-Compliande with Tests. —Any cement 
which does not comply with the whole of the tests and 
analyses hereinbefore speNfied or which has not been 
stored in the manner provided in Clause 4, may be re¬ 
jected as not complying with this specification. 

* 

16. Copies* of Vendor’s Tests sad Analyses, Ac. 

—The vindor shall, if required, fujnish free of cost a copy 
of any dociiment in <iik possession showing the result of 
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ant tests or analysis-mane lor tnm or for any otlier 
persMi of any Ot-nient sold or offered for sale to the' 
puremiser or of the lot from ivhiPl|-\lv eemertt so'sold 
has huen or Ts to he •taken, and 
sliall, g reiiinred, at the time of jnirehase, furnish 
frv of cost a t;ertifitfate tliat^he iieinent so sold or offered 
for sale Ijjis been tested and analyse'd, and tljfitfiuch tests 
and analysis conijdy in all^^'espects witU this specilimtuni, 
i>^t tljf fumisning of such copies of docinnen^s or tiie givini^ 
ol siit'hj certificate shall not ni'eclude the purchaser fro'm 
rejecting any cement which floes not I'omply* with this 
specification. 

16. DeliYery.-j-Cement shall he delivered in h?fgs, 
barrels or othi'r packages, bearing tffe manufacture^''* 
name. .'\ purchaser desiring to have the cement delivered 
in bags, barrels or packages sealed or of any particular size 
must so specify at the time of ordering. 





ONITED STATES 

STANDARD SPECIFICATIONS'AND TESTS FOR 
p6rtland CEM^NT.- 

1. IVfiFiNiciON.—Portland cement is the product ob¬ 
tained by finely pulverising clinker produced by calciniiig 
to incipient fusion an intiiAute and properly pro{!ortioned 
mixture of argillaceoul avd calcareous materials, with no 
additions siAjsequent to calcination excepting water and 
cafbined or uncalcined gypsum. 

1. Chemloal Propertiei. 

2. Chemuwl Limits. —The following limits shall not 
be exceeded ;— 


1,088 on iiniitioD, per cent - - - - 4.00 

Insoluble residue, per cent. - - - 0.85 

Sulphuric anhydride (SOj), per cent. - 2.00 

Magnesia (M^), per cent. ... - 5.00 


II. Physical Properties. 

.3. SfECiKic (jRAvm'. —The specific gravity of cement 
shall be not less than 3.10 (3.07 for white Portland cement). 
.Should the test of cement as received fall below^ this re- 
(piirement a second teat may be imrle tipor an ignited 
sample. The specific gravity test will not be made unless 
specifically ordered. 

4. FiliENEas. —The residue on a standard No. 200 sieve 
shall not exceed 22 per cent, by weight. 

5. Soundness.— A “pat of neat cement shall remain 
firm and hard, and show no signs of distortion, cracking, 
checking, or disintegration in the steam test for soundness. 

6. Time of Setting. —The cement shall not develop 
initial set^jn less than 46 minutes when the Vicat needle 
is used or fiQ minutes when the Gillmore needle is used. 
Finaf 8%t shall be attained within 10 hours. 

(364) 
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?. Tensile Sjeencith. —The average, tensile strength 
in poiyids per square inch of not )p8s«than three stantod 
■*nortar ^riguettes (^ee Section 56)*eoi{lpo8ed or one part 
cement %nd tlftee parts stani^rd sand, by weiglit, shall be 
equal tow higher^than tlie following | , 


Ago at Tact. 
Dgjtb. 


Storage ()l^rti}uciim 


ri’envileStmigtli. 
lb. ^tereq.ln. 


l 


7 

28 


1 (lay in moist air, 6 days lA water.' • 200 

* • I 

1 day in moist air, 27 days in frater.^ 300 • 


• m 

H. The average tensile strength of standard mortar W 
28 days shall be higher than the strength at 7 days. 


III. Packages, Marking and Storage. 

9. Packaoes and Mabking.— The cement shall be 
delivered in suitable bags or barrels with the brand and 
name of the manufacturer plainly marked thereon, unless 
shipped in bulk. A bag shall contain 91 lb. net. A barrel 
shall contain 376 lb. net. 

10. Stohaoe. —The cement shall be stored in* such a 
manner as to permit easy access for jiroper inspection and 
identification of esich shijiment, and in a suitable weather-, 
tight buitding whicl» will jirotect the cement from damp¬ 
ness. 


lY. Inspection. 

11. iNSPEcnoN. —Every facilit;^ shall be provided the 
purchaser for careful sampling and inspection at either the 
mill or at the site of the work, as may he 8|)ecified by the 
purchaser. At least 10 days frofti the tyne of sampling 
shall be allowed for the completion of tlie 7-day test, and 
at least 31 days shall be allowed for the completjon of the 
28-day test. The cement shall be tested i^ accordance 
with the methods hereinafter prescribed. The •28-day 
test shall be waived only wJien specifically so ordered. 
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Y. Rejection. 

1’2. Hi^iECTiox.—jT’bf cement may be rejected if,it fails 
to meet any of the jjgqiriretuents of tjjiese spcific^tions. 

m. Cement sliall not be rejected on account <af failure 
to meet the finenpss remiirementif uf)orvretest after drying 
at ]00°,C. for one limirit n5eets this reqtiilrcment. 

Cement failing to me^ tbe teat for soundness in 
steam may ke accepted if it passes a retest UBiuj» a new 
.Sample at any time witbin 28 days thereafter. ^ ■' *■ 

15. Packages \arying inore than 5 per cent, from tbe 
specified weight may Tie Rejected ; and if the average weight 
()[ packages in any sbi))ment, as shown by weighing 50 
packages taken ijt random, is less than that sjiecified, tbe 
* Aitire shipment may be rejected. 

TESTS. 

VI. Sampling. 

It). Ni'MBHit OK Sami’LEs.—T ests may be made on in¬ 
dividual or composite sainjiles as may be ordered. Each 
test sample should weigh at least 8 lb. 

17. (a) hidwidnal Sainph '.—Jf sampled in cars one test 
sample shall be taken from each 50 bbl. or I'riK'tion thereof. 
Tf sampled in bins one sample shall be taken from each 
100 bbl. 

' (b) Coiiipiinitc Sample.—\( sampl^l in cays obe.sample 

shall be taken from one sack in each 40 sacks (or 1 bbl. in 
each 10 bbl.) and combined to form one tefet sample. If 
samplei^in bins or warehouses one test sample shall repre¬ 
sent not more than 200 bbl. 

18. Method ok Swplino. —Cement may be sampled 
at tbe mill by any of the following methods that may be 
practicable, as ordered;— 

(а) From the Conveyor Delivering to the Bin. —At least 
8 11). of cement shall be taken from approximately each 
100 bbl.'passing over the conveyor. 

(б) From Filled Dim by means of Proper Sampling 

Tubes inserted verticall/may be used for sampling 
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:enient to a inaxipium*deptli of lO'feet. Tubeft insertea 
iiorizontally may be used where the eopstriiction of the i)in 
permits. Samples shall be tal«en faqjii joints n^ll distri¬ 
buted oi?^r the’face oi:,the bin! * 

Frtm FilledtBitis at*Points of Di»c)j|aTge.—TSuflident 
%ment shall bd drawn from* the* disdiarfie opepings to 
obtain sanf^iles representative of tlu-ceiiient dbntainei}' in 
the bin, as determined by tile aiipearanee at the discharge 
BpetinjSs of indicators placed on the surface of the cemen! 
directly ifbove these openings brforc drawing of the cement 
is started. 

19. Tkbatmknt of S.vmflk.- -Samples pret'erahly shall 
be shipped and stored in air-tight containers. SampTcs 
shall be passed through a sieve having 20 meshes per linear* 
inch in order to thoroughly mix the sanijile, break up lumps 
and remove foreign materials. 


YII. Chemical Analysea 

Loss on Ignition. 

20. Method.— One gram of cement shall he heated in 
a weighed covered platinum crucible, of 20 to 25-c.c. 
capacity, as follows, using either method (a) or^ (6) as 
ordered :— 

(a) The crucible shall be placed in a hole in an asbestos ^ 
board ;»efamped horieontally so that about three-fitths of 
the crucible projects below, and blasted at a full red heat 
for 15 minutes with an inclined flame; the loss in weight 
shall be checked by a second blasting for 5 minut«)g. Care 
shall be taken to wi[)e off particles of asl)esk)s that may 
adhere to the crucible when withdrawn from the hole in 
the board. Greater neatness and shortening of the time 
of heating are secured by making^ hole to fit the crucible- 
in a circular disc of sheet platinum and jtlacing this disc 
over a somewhat larger hole in an asbestos board. 

(b) The crucible shall be placed in a muffle afany tem¬ 

perature between 900 and 1000° C. for 15 minutes, and 
the loss in weight shall be checked by a second heating for 
5 minutes. ’ * 
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21. PSKMISSIBLE Vakiation.-J'A permisMble variation 
of U.25 will be allowed, and all reaultd in excess of the 
Kliec'ilied .'limit but Vilbin ,this permissible variati(fii shali- 
be reported as 4 per'cent. • 

Insoluble Residue. 

■22. MEiiHOD.—Toi a 1-g. sample of cement shall be 
adcKd 10 c.c. of water and Src.c. of concentrated hydro¬ 
chloric ?icid;‘the liquid shall be warmed until efierwjscgnce 
ceases. The solution slyill be diluted to 50,c.c. and 
digested on a steam ,bath or hot plate until it is evident 
that decomiiosition of thef'cement is complete. The residue 
sliall be filtered, washed with cold water, and the filter 
paper and contepts digested in about 30 c.c. of a 5-per 
'cunt, solution of sodium carbonate, the liquid being held 
at a temperature just short of boiling for 15 minutes. The 
remaining residue shall be filtered, washed with cold water, 
then with a few dro])s of hot hydrochloric acid, 1: 9, and 
finally with hot water, and then ignited at a red heat and 
weighed as the insoluble residue. 

23. Permissible Variation. —A permissible variation 
of 0.15 will be allowed, and all results in excess of the 
specified limit but within this permissible variation shall 
be reported as 0.85 per cent. 

fiulphiirw Anhydride. 

24. Method. —One gram of the cement sh%ll be dis¬ 
solved in 5 c.c. of concentrated hydfochlorit acid'diluted 
with 5 c.c. of water, with gentle warming; when solution 
is complete 40 c.c. of water shall be added, the solution 
filtered, tand the residue washed thoroughly with water. 
The solution shall be diluted to 250 c.c., heated to boiling 
and 10 c.c. of a hot 10-per cent, solution of barium chloride 
shall be added slowly, drop by drop, from a pipette, and 
the boiling continued until the precipitate is well formed. 
The solution shUl be digested on the steam bath until the 
precipitate has settled. The precipitate shall be filtered, 
washed, v’-nd the paper smd contents placed in a weighed 
platinum crucible and the paper slowly charred and con- 
suraedVitbout flaming. The l^rium sulphate shall then 
be ignited and weighfed. The weight obtained multiplied. 
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by 84,3 gives the percentage of sulflhuric anhydride. The' 
acid filtrate d>taihed in the determination of the inBo^ible 
residift may be used for the e^tiiiAjtoitkof sulphbric anhy¬ 
dride instead «f using a sepasate saifiple. • 

25. 'J*BBMI88IBLE VACATION. —A permissible variation 
of ^.10 will bft Alo^ed, and* all cejultS in excess of the 
specified limit bub within this permissible variafion shall 
be reported a^2.00 per cei*. 

26. Mbthoc. —To 0.5 g. of the ?ement ih an evaimrat- 
ing dish shall be added 10 c.c. of water to pre'fent lumping 
and then 10 c.c. of gonceutrated hydrochloric acid. The 
liquid shall be gently heated and agitafed until attack, i» 
complete. The solution shall then be evaporated to com¬ 
plete dryness on a steam or water bath. To hasten dehy¬ 
dration the residue may he heated to 1.50 or even 200° C. 
for one-half to one hour. The residue shall be treated with 
10 c.c. of concentrated hydrcx'-hloric acid diluted with an 
equal amount of water. The dish shall be covered and the 
solution digested for ten minutes on a steam bath or water 
bath. The diluted solution shall be filtered and the 
separated silica washed thoroughly with water.* Five 
cubic centimetres of concentrated hydrochloric acid and 
sufficient bromine water to ))recipitate any manganese 
which may be present, shall be added to the filtrate (about 
250 c.c.). This shall l)e msule alkaline with ammonium 
hydroji^, boiled uptil there is hut a faint odour of am¬ 
monia, ami tlie precipitated iron and aluminium hydroxides, 
after settling, shall be washed with hot water, once by 
decantation and slightly on the filter. Setting ^side the 
filtrate, the precipitate shall be transferred by a jet of hot 
water to the precipitating vessel and dissolved in 10 c.c. 
of hot hydrochloric acid. The paper shall be extracted 
with acid, the solution and washings being added to the 
main solution. The aluminium Snd iron^shall then be re¬ 
precipitated at boiling heat by ammonium hydroxide and 
bromine water in a volume of about 100 c.c^, and the 


• Since this procedure does not involve the determination of 
ailica, a second evaporation is unnecessarj. 
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Hecond precipitate shafl be collected and washed on 'the 
filter used in the first^instance if this is still intact., To the 
combined filtrates fcoii^ the jhydroxides of iron and inuiui-, 
niuiii, redutvd in volu’me if ruaed be, f c.c. rf amttionium 
hydroxide shall be added, the solution brought topjoiling, 
li5 c.c. of sC saturated solijtioivof b'oiling afiimonium oxalf.te 
added, and ^he boiling continued until tte precipitated 
••nlcit,in oxalate ha« assumed a/.veil-defined granular form. 
T^ie preoipitatfc after one hour shall be filtereu and washed, 
then with the filter shall be placed wet in a jjlatinfirn 
crucible, ahd the papej; burfced off over a small flame of a 
Bunsen burndr; after igxition it shall be redissolved in 
hydrochloric* acid and the solution diluted to 100 c.c. 
Ammonia shall be added in slight esisess, and the liquid 
boiled. The lime shall then be reprecipitated by am¬ 
monium oxalate, allowed to stand until settled, filtered and 
washed. The combined filtrates from tlie calcium preci- 
l)itates shall be acidified with hydrochloric acid, concen¬ 
trated on the steam bath to about 150 c.c., and made 
slightly alkaline with ammonium hydroxide, boiled and 
filtered (to remove a little aluminium and iron and perhaps 
calcium). When cool, 10 c.c. of saturated solution of 
so<liuin-ammonium-hydrogen phosphate shall be added 
with constant stirring. When the crystalline ammonium- 
magnesium orthophosphate has formed, ammonia shall be 
added in moderate excess. The solution shall be set aside 
for several hours in a cool place, filtered and washed with 
^water containing 2.5 per cent, of NHj. The precipitate 
'shall be dissolved in a small quantityrof hot .hydVoehlorio 
acid, the solution diluted to about 100 c.c., 1 c.c. of a 
saturated solution of sodium-ammonium-hytirogen phos¬ 
phate ad^ed, and ammonia drop by drop, with constant 
stirring, until the precipitate is i^ain formed, as described 
and the ammonia is in .moderate excess. The precipitate 
shall then be allowed to stand about two hours, filtered and 
washed as before. The ^)aper and contents shall be placed 
in a weighed platinum cracible, the paper slowly charred, 
and the resulting carbon carefully burned off. The pre¬ 
cipitate shall then be ignited to constant weight over a 
Meker bnraer, or a blast not strong enough to soften or 
melt thb pyrophosphate. The weight of magnesium pyro¬ 
phosphate. obtained pisltiplied by ?2.5 gives the percentage 
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of*magnesia. The pi^dpitate so Obtained always contains 
soine calcium ahd usually small quantities of iron, a I u- 
mmiTIm, and manganese as ijhoi^JfaW. • * 

,\ AKiATfox.— A |ierinissiMe variation 
of 0.4 will be allowed, and all results in excess of the 
sjfccined liiiiil, but Vitliin this |»'ryiiss*il)le variation shall 
be reported as 5,00 iierceutf 


yill. uetermination of Speoiflo' Gravity. • 

28. Ari’AU.ATUs.—'J’be detlrmination of specific, gravity 
sliall be made with a standardir.ed*lje ('liafelicr apparatus 
winch conforms to the rc(|uiremcnts illustrated. This 
apjan-atus is slandardi/.ed by the I'nited States Bui-eau 
of Standards. Kerosene free Ironi wafer, or hen/.ine 4 i< 3 t 
hgbtei than (i2° Baumc. shall he used in making this 
determination. 

20. Mh'iiioi).— The flask shall he liJIed with either ol 
thew* liipiids to a. [siint on the stem hid.ween /.ero and one 
cubic, centimeter, and (if g. of cement, of the same tem¬ 
perature as the liipiid, shall he slowly introduced, taking 
care that the cement does not adhere to the inside of the 
flask above tiu* liipiid and to live the cement from air by 
rolling the flask in an inclined position. After all the 
cement is introduced, the level of the liipiid will rise to 
some division of the graduated neck : the dilferenc* between 
readings is the volume displaced hv til g. ot the cement. 

O’he siiccific gravity shall then' be obtained from the 
forniwla— , * 


jimvitv ’■ 


WVijjht (tf fomont (g.) 
l)iH|)laccd vttliimc (c.c.) 


30. The fla,sk, during the operation, shall be kept im¬ 
mersed in water, in order to avoid variations in the tem¬ 
perature of the liquid in the flask, which shall not exceed 
0.5° C. The results of reiieated, tests should agree within 
0.01. -* 

31. The determination of siiecitic gravity shall he made 
on the cement as received: if it falls below a second 
determination shall he made after igniting'the sample as 
described in Section 20. 

2 A 
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IX. Determination of Fin^esa. 

31. ArautATOs.-^Wire cloth for standaid sieves for 
cement ahalLbe woven (not fv^illed) from brajjs, brcjoze, or 
other suitable wire, and mounted without distortion on 
frames not less tlian li^in. below the top of thc'frau^^e. 
The sieve,frames shall be circular, approxitiiately 8 in. in 
diameter, anfi. may.be provided jjyith a pan and cover. 

33. A ( tandard No. 200 sieve is one havinj/'nominally an 
0.0020 in. opening and 200 wires j)er inch standardized by 
the U. H. 'Mureau of Stanifards, and conforming’ to the 
folh)wing recpitreiiients ;~€ 

T.he No. 200 sieve should have 200 wires per inch, and 
l^he number of wires in any whole incli'shall Jiot be outside 
the" limits of J92 to 208. No opening betw'een adjacent 
parallel wires shall be more than 0.00.50 in. in width. The 
diameter of the wire should be 0.0021 in. and the average 
diameter shall not be outside the lindts O.OOli) to 0.0023 in. 
Idle value of the sieve as deierndned by sieving tests made 
in conformity with the standard specification for these 
tests on a standardized cement which gives a residue of 
25 to 20 per cent, on the No. 200 sieve, or on other similarly 
graded material, shall not show a variation of more than 
1.5 per cent, above or below the standards maintained at 
the Bureau of Standards. 

I 

84. Meihod. —The test shall be made with 50 g. of 
cement. The sieve shall be thoroughly clean and dry. 
Tl;>e cement shall be j)lac*d on the No. ^00 sieve, with pan 
and cover attached, if desired, and shall be tield in one 
hand in a slightly inclined position so that th» sample will 
be well distributed over the sieve, at the same time gently 
striking tne side about 150 times per minute against the 
palm of the other hand on the up stroke. The sieve shall 
be turned every 25 stroKes about one-sixfh of a revolution 
in the same direction. The operation shall continue until 
not more than 0^05 g. phases through in one minute of 
continuous sieving. The fineness shall be determined 
from the weight of the residue on the sieve expressed as a 
percentage'onhe weight of the original sample. 

35. Mechanical sieving devices may be used, but the 
cement shall not b« rejected if R meets the fineness re- 
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<]uirernent \Vhen testod by tlie hirtid method described in 
Section. 34. 


ju fluxing Ctement Pastes and Mortars. 

“0. MiiTllOB. —'J'ne (|uantAy of d»y material to bo mixed 
at one tiAe sbail ftot exceed^OOl) f(»nor be leSs than JUO j?. 
The proportiens of cemoSt or cement* anc^ sam^ sliall be 
stated by weiglit in grams of the dry materials; die 
(luaiitity of water shall be e>i()ressed in cubic a'cnlimetres 
(1 C..C. of water ] g.). The dry maUirials shall be 
weiglied, placed u[)on a non-absorbent surfaw*, tliorouglily 
mixed dry it sandhis used, and a erater formed irrtbe 
<‘entre, into which the pro|)ei' [lercentsge of clean watsr 
shall be )ioured; the material on the outer edge shall be 
turned into the crater by the aid of a trowel. After an 
interval of half a minute for the absorption of the water the 
operation shall be comfileted by continuous, vigorous mix¬ 
ing, wiueezing and kneading with the hands for at least 
one minute.* During the operation of mixing, the hands 
should be protected by rubber gloves. 

37. The temperature of the room and the mixing water 
shall be maintained as nearly as practicable at 21° C. 
(70° F.). 

XI. Normal Consistenoy. 

;38.^ Acp.MUTps. —The Vicat apparatus consists of a* 
frame .4 bearing a movable rod B, weighing 3(W g., 
one end C being 1 cm. in diameter for a distance of 6 cm., 
the other having a removable needle D, 1 mm. in diameter, 
6 cm. long. The rod is reversible, and can be ifeld in any 


* In order to secure uniformity ip the results of tests for the 
time of setting and tensile strength the manner of mixing 
above described should be carefully followed. At least one 
minute is necessaiy to obtain the desired plasticity which is 
not appreciably affected by continuing the mixing for several 
minutes. The exact time necessary is dependent upon the per¬ 
sonal equation of the operator. Th^rror in mixing ghould be 
on the side of over mixing. 
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desired position by a screw E, and* has midway between 
tbe ^ikIk a mark F w^hich moves under a'scale (gracbjated 
to millimetres) attircbed'to.tbc frame’ .1. Tbe paste is. 
held in a cotiical, hard-rubbei*’rin{( fj/7 cm! in dfameter 
at the base, 1 cm. higb, resting pn a glass plate M about 
10 cm. S(|u'are. 

.VlHTiiJi).—Ip iifaking && delermination, ^(K) g. of 
cement, jWitlua measured (piantity of Wifver, shall bo 
kileaded into a juiste, as described in Section .‘11?,' afid 
quickly formed into a ball with the hands, comidefmg the 
ojieration by t,)ssing it si,\ times fi’om one hand to the 
other, maintilined about 0 in. apart; tbe ball resting in the 
]mlfti of one hand shall be jiressed intp the larger end of 
tlig rublxM’ ring hetd in the other band, completely filling 
the ring with j>aste ; the e.xcess at tbe larger end shall then 
be removed by a single niovenicnt of the i)alm of tbe hand; 
tbe ring sb;i.ll then be |)laced on its larger end on a glass 
])latc and the e.xcess paste at tbe smaller end sliced oil' at 
tbe top of the ring by a- single oblicpie stroke of a trowel 
held at a slight angle with the top of the, ring. During 
the.se o])erution!'. care shall be taken not to compress the 
paste. The paste confined in tbe ring, resting on the plate, 
shall be placed under the rod, tbe larger end of which shall 
be brought in contact with the surface of the jiaste: the scale 
shall be 1,hen read, and tbe rod (|uickly relea.sed. The paste 
shall be of normal consistency when tbe rod settles to a 
{joint 10 min. below the original surface in half a minute 
Sfter being released. The a])]Jaratus sljall be free Irqui all 
vibrations during the test. Trial {lastcs shall be made with 
varying percentages of water until the normal consistentsy 
is obtained. The amount of water reipiired shall be ex¬ 
pressed in‘])erccntage by weight of the dry cement. 

40. The consistency of standard mortar shall de])end on 
the amount of water required to jiroduce a paste of normal 
consistency from the saiiie sample of cement. Having 
determined the nVmal consistency of the sample, the con¬ 
sistency of standard mortar made from the same sample 
shall be as.4ndicated in Table I., the values being in per¬ 
centage of the combined dry weights of the cement and 
standarif sand. 
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Tabu; I.—PekcentaSk of Wateii for SfrAUDARD Mobtars. 


- 

Water ^ Nea^ 
Oment rastc of 
• Normal 
Consistency 

• ! 

INiricntage of 
Wate%for One * 
Cement, Thrt*e 
SIbndan! oftawa 
* tSand . 

• /' 

• * * 1 

* Perfiwitajie of j 
W^ater for Neat ■ 
(Vnient Panto of 
.N(frma4 
(Dnf<l«ton(*y 
• 

• 

Pom*ntagt* of 
Water for One 
Cement, Three 
Htalidard Ottawa 
^Saiid 

• 

- ; 
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9.8 
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21 
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li 
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22 

10.2 
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1: 
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XII. Determination of Soundness.* 

41. Ai’r.\H.\Ti's.—A .400111 iipiiiinitiiN, wliioli ciiii bo 

iiiaintaiuod at a teniperatiire between 38 and or 

one similar to tliat sliown is reoonimended. 'J'lie ciijiacity 
of tliis a|ij)ai'atiis may be increased by using a rack for 
lioldiiiff tlie^imts ina vertical or inclined jiosition. ** 

42. Method.—A jiat from cement jiaste of normal eon- 
sisleiicy about 3 in. in diameter, }, in. thick at the centre, 
and tapering to a thin edge, shall be made onclean glass 
plates about 4 in. square, and stored in moist air for 24 
hours. In moulding the |Kit, (he cement paste shall first 


t 

• Unsoiindness is usimlly manifeatecT byFcliaiigc in voliiiiio 
which causes distortion, cracking, checking or disintegration. 

Pats improperly made or exposed to drying may develop what 
«re known as shrinkage cracks within the first 24 Ivmrs and are 
not an indication of unsoundness. • 

The failure of tlie pate to rcinain on the glass or th* cracking 
of the glass to which the pats are attjichcd docs not necessarily 
indicate unsoundness. 




376 U. S. STANDARD SPECri'ICATIONS 

be flattened on the glass' and the pat'then formed by draw- 
‘ ing tfje trowel from t})e outer edge toward the centre. 

43. The' |)at shalP theki be' placed iix an atmospljere of 
steam at the temperature between 98°i-and 10b° C.»u]i)on a 
suitable support 1 in. above boiling water,for 5 horfrs. 

44. Should the [)at lea've t'tic [date, distdrtion may be 
deteetjed best' with fl, straight edge applied to thi surface 
which wg;S in contact with the plate. 

XIII. ‘Determin^tioA’ of Time of Setting. 

45. The folfowing are alternate methods, either of which 
, may. be used as ordered ;— 

'46. Vic.'.T Ai’P-viuTi's.—The time of setting shall be 
determined with the Vicat apparatus described in Sec¬ 
tion 38. 

47. VictT Mktiiod. —A paste of normal consistency 
shall he moulded in the hard-ruhher ring (1 as described i# 
Section 3!), and placed under the rod B, the .smaller end 
of which shall then be carefully brought in contact with 
the surface of the paste, and the rod quickly released. 
The initial set shall he said to have incurred when the 
needle ceases to pass a point 5 mm. above the glass plate 
in half a minute after being released; and the final set, 
when theineedle does not sink visibly into the paste. The 
test pieces shall be kept in moist air during the test. This 
may be accomplished by placing them on a rack ovey water 
contained in a pan and covered by a damp clothe kept 'from 
contact with them by means of a wire screen ; or they may 
be stored in a moist closet. Care shall be talien to keep 
the needle^clean, as the collection of cement on the sides 
of the needle retards the penetration, while cement on the 
point may increase the jjenetration. The time of setting 
is affected not only by the percentage and temperature of 
the water used and the jimount of kneading the paste 
receives, but by the temperature and humidity of the air, 
and its determination is therefore only approximate. 

48. Gillvobe Needles. —The time of setting shall be. 
determined "by the Gillmore needles. The Gillmore needles 
should preferably be mounted. 

49. Gillmore Meubod.—-T he time of setting shall be 
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dAerinined'as follo,w»;—A pat of^eat cement .paste about 
3 in. in diametfer and J in. in thickness with a flat toj>« 
iinxdH to a normal consistency,be ket4 in Inoist 
air a<> a t#mj)erftture mai^tain^l as •nearly as prac- 
ticablcjkt 21° C. (70* P.). The cement shall be considered 
t(kljave acquit'^ its iifltial,set,wheivthe ])at will bear, 
without jpin’eciaple indentiution, tlfe Gillniore needle ^'^in 
in diamCTer, loaded to wqmii J lb.* Tlje limfl set haf’been 
acquired when the [)at will bear without ai)^reciaj)le inden- 
tfftidn the (lilltnore needle in. in diameter, loaded* to 
weigh I lb. In making the test, the needles shall he held 
in a vertical position, and ajtplicdlightly tfi the surface of 
the pat. ’ * 

X)V. Tension Tests. 

.50. l''ouJi OF Tkst I’lECic. The form of test piece 
shown shall he used. The moulds shall he made of noii- 
con'oding metal and have siitticient material in the sides 
to prevent spreading during moulding. Gang moulds 
when used shall he of the tyj)e shown. Aloulds shall he 
wiped with an oily cloth hefore using. 

51. ST.tNiuHi) S.^Ni).—The sand to he used shall be 
natural sand from Ottawa, III., screened to pass a No. 20 
sieve, and retained on a No. 30 sieve. This sand may be 
obtained from the Ottawa Silica (k)., at a cost of three 
cents |ter ]K)und, f. o. h. cars, Ottawa, 111. 

•52. This sand, having |)assed the No, 20 sieve, shall he 
eonsidcrc^l standard when not ttiore than 5 g. jmiss the 
No. •3fi sigve aftm' one minute continuous sieving of ^ 
500-g. sample. 

53. The Sieves shall conform to the following specifica¬ 
tions :— 

The No. 20 sieve shall have between 19.5 and 20.5 wires 
per whole inch of the warp wii'eti and between 19 and 21 
wires per whole inch of the sh{K)t wires. The diameter of 
the wire should he 0.0105 in.^nd the average diameter 
shall not he outside the limits of O.Olfilfand 0.0170 in. 

The No. 30 sieve shall have between 29.5 and 30.5 wires 
•per whole inch of the war[) wires and between 2§.5 and 31.5 
wires per whole inch of the shoot wires. Xlie diameter of 
the wire should be 0.0110 in. and the average'diameter 
shall not he outside the limits O.Wflp to O.Olljl in. 
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54. Moulding. —lumleciiately after mixing, the stdn- 

dard mortar ahall be placed in the moulds, firessed in firmly 
with the tl^umbs an^''si)jiGottied off with a trowel without 
ramming. Additional ‘hiortar. shall be' heaped abcfte the 
mould and smoothed off with a troweF’: the trowel Jliall be 
drawn over'the mould ip sip-h a‘'mannev as to exert* a 
moderate pressure on the inat«\rial. The.mould i^iall then 
be turned over and tlie Speration^f heajmig, thumbing and 
smoothing off nepeated. ' , 

55. Testing. —Tests shall he made with any stpndaf’d 
machine. The briquettes slAill be tested as soon as they 
are removed frdm the water. The bearing surfaces of the 
dips and bri(iuettes shall be free from grains of sand or 

• dirt.*" The briipiettes shall be carefully centred and the 
load applied continuously at the rate of 600 lb. ])er minute. 

56. Testing machines should be frequently calibrated in 
order to determine their accuracy. 

57. F.agltv ifKiQCETTEs.—Briquettes that are mani¬ 
festly faulty, or which give strengths differing more than 
10 [Hir cent, from the average value of all test pieces made 
from the same sample and broken at the same ])erio;l, shall 
not be considered in determining the tensile strength. 

XY. Storage of Test Pieces. 

5H. .\|‘1'.4IUTT S.—The moist closet may consist of a soa[)- 
stone, shA’e, or concrete box, or a wooden box lined with 
metal. If a wooden box is used, the interior should be 
covered with felt or broad wicking ke|)t wet. The rfiottoni 
of the moist closet should be covered 'with wilter. The 
interior of the closet should be provided with na’i-absorbent 
shelves on which to place the test pieces, the shelves being 
so arranges that they may be withdrawn readily. 

50. Methods.—T nless otherwise specified, all test 
pieces, immediately al'tertmoulding, .shall be placed in the 
moist closet for from 20 to 24 hours. 

60. The briquettes shaW be ke|)t in moulds on glass 
plates in tlie moist closet for at least 20 hours. After 24 
hours in moist air the hriipiettes shall he immersed in 
clean waten'in storage tanks of non-corroding material. 

61. Tl»s air and water shall he maintained as nearly as 
practicable at a temperq,ture of 21*0. (70° F.). 
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ClUNKKAI, ('(IN'DITKIXS. 

Abticle 1.—All supplies of ceitient and lime used iipoli 
the works of Ihe Administration of J’nblie Works shall 
comjdy with I he Ibllowinff re(piii ements so far as they 
may apf)ly, whether the materials are sipiplied direct to 
the Administration or to Contractors for use upon contracts 
entered into with the Administration. 

PART I. 

Clauses Applicable to all Contracts. Mode of 
Delivery. 

Abticle 2.—The cement shall he delivered in sacks or 
in casks. 

Sa«k(f‘slyill confciin a nett weifjht of 50 kilof;rammefi“ 
(IK) Ihs.). They must he stitched inside and sealed hy 
means of a tead seal hearing the mark of tlie maker, and 
of a design accepted hy the Administration. 

The casks shall hear on one (if the heads the brand of 
the maker, and on (lie other tlij; nett weight of cement 
contained therein. 

Tlie sacks and casks mnst he in good condition at tlie 
time of delivery. • 

All wet cement such ns has been spoiled by difmp will he 
rejected. , 

A Bill of Ijading or delivery note imist bg forwarded to 
the Engineer in respect of each and eveiy eonsigitment. 

M79) 



m FRENCH VGOyEBNMEJfT ??PECIFICATION 

‘'StoraKe. 

AftTiCLB 3.—The^heks. or casks of cement shall b# kept- 
in dry stores, dosed arivj roofijiJ,. Eacli consigumeijit must- 
be kept separate and distinct. 

The contractor ^liall be resfiontiible. for the keeping of 
ceine,nt instore up to the {iine'of using, excejit as stipulated 
in Article 17.‘ . ‘ ,, 

All sat^s orecasks of cement or lime whK'h are found 
dailiaged or whose coverings are not in good condition fat 
the time of'delivery will be i.^jected. 

Tests. 

^ Auticlk -}.—No cement may be Vised before Jiaving 
heel) submitted to the tests ])rescribed by the s[)wia.l 
schedule of instructions of the contract and thus received 
provisionally. 

The Engineer will have the right to rc-test during the 
whole time that the cement lies provisionally in the store, 
and to reject any consignment which may fail on re-testing 
to {)as8 the s|)ec,ification. 

In the event of the tests having given unfavourable 
results, the Contractor may reipiest that such tests be again 
carried out at the Laboratory of the Ecole des I’onts et 
Chaussees (ScIuk)I of Bridges and Highways). 

Sampling. 

Auticlk 5.—The samiiles of cemept to be"sut)ipitted 
for testing shall be taken from such dill’erent jioints of 
several sacks, casks, or bins, as may be indisated by the 
Engineer. The cement coming from different consign¬ 
ments mult not be mixed. 

Quality. 

Auticle 6.—The cement must be of uniform composi¬ 
tion and quality. •- It must not contain either under-burnt 
material of any adulterating ingredient. 

, Fineness of Grinding. 

AKTitfijE 7.—The tests shall b^carried out on a sample 
of JOO grammes (abont*3.1 ounces). 

a 
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. . ' • * 

The sies’ing Twll|b#efTected by‘means of sieves of 324, 
900 OT 4,900 nie*shes per square cen^metre. The wke of 
thb a sieves will be of the rqjipefjiVe wzes of JO, lo or 5 
hundrSflths «rf millhnetres. r * * * 

Apparent Defteity. ^WaigJit'Yier Bushel.) 

Article 8.—Tlie weight4\’ill be^etfiiiiinM by pijuring 
the cement gCntly witliou* )res8ure into a cj^lindr^ial metal 
n»as(lre, having a capacity of 1 litre per 10 eentimetSes 
depth.* . 

The cement contained in mt^niftisure will be weighed, 
and the apparent density will be taken as the average of 
3 'successive weigh^pgs. 

In case of dispute the test may be re*taken with the ahl 
of a. hopper with sieves with holes of 2 millimetres. This 
ho])])er will be placed so that the end of its lower shoot is 
i) centimetres above the measure. 

The .cement or lime nnist he poured into the jnea.sure in 
such a way as to avoid all shock or shaking. 

When the measure is overflowing the surplus must be 
taken off by drawing over the toji a straight-edge held 
vertically. 

Setting. 

Ahtjcle 9.—I'he cement shall be gauged with fresh 
water to a firm paste and i)laccd in the form (X pats of 
about 4 centimetres thickness and these shall be iin- 
mediatody immersed in fresh water or in sea water as ma.ti. 
be prescribid by tllh special schedule of instructions under 
the contract. 

The cement, the water for gauging, and the bath for im¬ 
mersion must be of a temi)erature of at least 159 ♦lentigrade 
when it is a question of determining the initial set, and at 
the most 15° when it is a question of finding the time of 
the final set. 

The initial set sliall be taken to be at the moment when 
a Vicat needle having a sejtion of 1 millimetre square, 
and weighing 300 grammes, no longer pierces through the 

pat. *• 

The final set will be taken to be when the* surface of the 
pat supports the same needle without it penetrating any 
appreciable distance, such as atenthtif a millimetre. 
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In case of dispute it ^ill be considered that the pasted of 
cement is firm which jvhen gauged at trie rate of 5 minutes 
per Ifilogrrfiiime, ani tl\dn jilaced in a'box 4 centiifietfes, 
deep, may be pierced \o the iSepth of '6 millimetre from 
the bottom of the box by a. rod of the* diameter of 'i centi¬ 
metre and of the weight /if 3tK) grammes.* 

• Tensile S^.'ain. 

..AuticCe lOr—The tests for strength shall be carried qf/t 
with a firm jiaste of neat ceiipint and with a plastic'mortar 
of cement gauged with i-esh water. They will be made by 
means of briquettes in the* form of an 8, having a section 
in the middle of 5 square centimetres. 

The moulds for making the briquettfes shall all be filled 
al 6ne time, and when filled must be shaken in order to 
expel the air bubbles; the paste or the mortar should then 
be pressed with a trowel, but not hammered. Then with 
the blade of a trowel the surplus should he taken from the 
top of the moulds and the surface smoothed. 

Each test will consist of the breaking of these briciuettes, 
and the tensile strength will be taken as the average of the 
1 highest results. 

The mortar shall be mixed by weight in the proportion 
of 1 part of cement and 3 of dry sand. The sand shall be 
tomposed of equal parts of grains of 3 sizes sejiarated by 
4 sieves ^lerforated with holes of J , 1 and ‘2 milliiuetres 
diameter. 

^ The briquettes having been kept in a damp atnto8f)here 
and shaded from draughts and from th^ sun fol the length 
of time fixed by the special schedule of instrm/tions under 
the contract, shall be taken out of the moulds and immersed 
in fresh wuter or sea water as may have been prescribed 
by the schedule. In any case the water will be renewed 
every 7 days. 

In the event of dispute the firm paste of neat cement 
shall be taken as defined in article 9, and the plastic mortar 
shall be the mortar made wjth sand from the beach of 
Leucaute, supplied by the Administration, and gauged with 
a quantity At water in the pioprtions of 1 kilogramme of 
cement and sand to 50 grammes, l-5th pp, being the weight 
of water necessary to transform % kilogramme of cement 
into a firm paste. 
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'Contraotion CSxpansioifi in Heat or Cold. 

^A^MciiE 11. —The tests for (jputractiou in (^old will be 
inadc^'ith iwts c-eiiieiit {^uigc<i.vvTth. fresh 'water to a 
firm pijjite. ^’he pafcs being*al)out 10 oentinietres diameter 
(al)oiit*4 inches^ and '2 seiilimetres thickness (about '] an 
iifCh) will be tiiinnefl oil' at tlte edjjes aiill placed pn scpiares 
of glass.* The pats will be iAimersad (underthe coiulftions 
fixed by the*j)ecial .'^ched^c of instriicfiom^under the eon- 
ti^ctK and kept in water until the tinal accejdadce of (die 
cement. , 

None of the juits must show tlu'*.lighles1«trace of swell¬ 
ing, cracking or blowing. The edges of the |)als ifiust 
remain attached to the glass and not lift at any jioinfa 

The tests for exfiansion in heat wilVhe made on cvlig- 
drical hiiipiettes of a diameter and length of’ DO 
millimetres, nioidded in a tin tube millimetre thiek, 
split down one side, and having soldered on each side of 
the slit a needle of l.'id ndllimetres in length. 

Twenty-four hours after the final set ihese hriijuettes 
will he immersed in water which will be gradually increased 
to tile temperature fixed by the schedule of instructions, 
and maintained at this teni|)erature during the time, like¬ 
wise fixed by the schedule, and then idlowed to cool down 
to the initial temperature. 

The increase in the distance between the positions of 
the needles must not exceed that indicated in tfte special 
schedule of instructions. 

Constancy of Temperature. 

Aimcui i'i- The water in which the hrhpiettes and 
pats are ke))t must he maintained at a temperature between 
12° and 18° Centigrade, r):!.()° h’.—04.4*^ E. 

Removal of Rejected Cement. 

Artici-e 13. —The rejected cement must he taken away 
from the store at the risk and expense of the Contractor 
within 10 days dating from the notifieatioTi of the rejection. 

In the event of the Contractor not conforming to this 
»ule the Engineer will attend to the removal of ^he rejected 
cement. Tt will be taken away and deposited at the ex- 
nense, risk and responsibility of the Contractor ih a store 
hired on his account. 
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PART II . " 

Glausev Applioable'to Gontroota for Supplieo- 
Without S^abour.' 

Prdprs. 

AKTioLii ]4.—Tlie cement . vill be supplied in ruccessive 
lots tiider penalties for delays^'n delivery y'hich will be 
stated oi> the lequisitions. o „ 

The special schedule of instructions under the contract 
will determine the nii);ciimuu quantity of cement which 
may be reqiij/ed monthly ■from the contractor, as well as 
the,{ninimum time allowed for the execution of each order. 

In case of delay in delivery the Administration may, 
10 days after notification to the Contractor by the Engineer, 
purchase at his risk and expense the quantity of cement 
which shall not have been delivered. 

If the cement 8Uj)plied gives cau.se for rejecdion, and if 
the Contractor being in arrears has not replaced the rejected 
cement within 10 days or such longer time as may be fixed 
by the Engineer, the Administration may likewise buy at 
the ex))eo8e of the (Contractor a quantity of cement equal 
to that w’hich may have been rejected. 

In both cases the. amount of the contract will be 
diminished by the quantity purchased through the default 
of the Contractor, and the Contractor shall not be able to 
claim the benefit of Article 31 of the general clauses and 
j»nditions. 

" Return of Paokini;. 

Akticle 15. —The empty sacks will be returned to the 
store by the Administration as soon as may be convenient 
and held (ii* the disposal of the Contractor, who must 
remove them at his own expense. 

In default of removal ‘within the time fixed by the En¬ 
gineer, and in case of incumbering the store, the empty 
sacks will be returned immediately to the Contractor at his 
address and at his expense. 

The value of sacks not returned will be paid to the Con¬ 
tractor at tlie end of the contract at the price fixed by the 
sdiedule, of contract conditions without rebate. 

The empty casks will remain tha property of the Govern¬ 
ment. 
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ITeight/i, 

Article 16.—.^11 the sacks or cajks will be weighed by' 
wfty of check at tl>e time of ^rrix’i^'at^he storef 
TheVare will b# determined by*weighing •a number of 
sacks casks equal to about 10 per cent, of the total 
nwaber. 


R^eipt. 

, Article 17.—The provisional receipt *of eiifch lot,of 
supplies will be acknowledged as soon as the cement com¬ 
posing the consignment slia" havj passed^the tests fixed 
by the schedule of contract conditions. , • 

The cement which shall not have l)een used withip six 
months from recei^rt shall be counted.as accepted at the ’ 
expiration of this pciiod afti'i' it satisfies all the presertbed 
conditions, and the contractor shall IVoin that moment be 
discharged of all responsibility for its keejiing and storage. 

Certifioates. 

Article 18.—(Certificates will be issued within one year 
dating from the provisional reeeijit of the last consign¬ 
ment. 


Schedule of iNSTurcnoNs for (Cemfjs't to be Used on 
Sea Works. '* . 

^ • > ’ Description of Product. 

ARTicLpri.—The Portland cement must be produced by 
the grinding of an intimate mixture of carbonate of lime, 
silica, alumina, and ferric oxide burnt lo the point of in¬ 
cipient fusion. ■>" 

Name and Supervision of Works. 

Article 2.—The cement must come exclusively and 
diirect from the works. * ^ 

The Administration reserves to itself the right to examine 
the whole process of manufacture, storage, a^d despatch 
of the cement to be supplied in execution,of the present 
contract, and may appoint a permanent representative at 
the works for the purpose of this inspection. 
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Method of Delivery. 

A,'mcLR 3.—The cement shall be delivered frpe (iii 
sacks or caeksJ. • . ' * . 

r 

Chemical Composition. 

AimcLH }.—Tl;e ceipentriiiust not co'ntain more thin 
l.i) (K'r cvnt„ of sill pi 1 uric a'i^l)V(lride, <mr iiioi;^ than 2 
per (i.’iit. of miiKiiesia, nor iijpre than H ,tier cent, of 
aliiminac nor sulphides in iippreciahle ipiantities. , 

Its hydraulic index, that is to say, the relation between 
the weight of the condoned silica and almnina of the one 
part, and the weight of Ihne and inaffnesia of the other 
I ar^ will he at least .47 to 8 jier cent, of alumina, with a 
' diminution of .02 for every 1 |M-r cent, of alumina below 
H- |ii‘r cent. 

Fineness of Grinding. 

Ali'i’ici.n 0 .—'I’lie cement must leave not more than It) 
fK'r cent, of its weight on a sieve with 1,1100 meshes per 
sipiare centimetre, and at the most 2 per cent, on a sieve 
of 321 meshes 

Apparent Density. 

.Vimi'l.r ti.- 'I’hc weight of a litre of cement will he 
1,200 fjrammes (11(1 Ihs. jier bushel), at least. 

.. Time of Setting. 

AitTtc'Ln 7.—The cement idimeed into the fresh water 
.Juust not heein to set before 20 minutes. 

Tensile Strain of Neat Cement. 

Aktiolr 8.—The hriijuettes of neat cement plunfted 
into sea wllfer at the end of 21 hours shall show the tensile 
strain per sipiare centimeti'e of at least 15 kiloftrammes 
(212 Ihs. per square inch), in 7 days, and 30 kilogrammes 
(425 Ihs. per square inch), in 28 days. The strain must, 
moreover, increate by at l?ast 3 kilogrammes (43 lbs.) from 
the 7th to the 28th day. 

Note.— Th-nr fifiurctt are minimum. The Eiuiineers can 
increase fhem after having a’lsured themselves: 
that the works ran supfly what is speeified. 
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•USEFUlV tables. 


Metrical Equivalents. 


1 Ulllbnetre 
1 Metre .. 

1 Kilometre 
1 8q. centimetre .. 

1 Square metre .. i 
1 Cubic centimetre 
1 Cubic metre 
1 Utre .. 

1 Litre .. 


1 ineb 
1 foot 
1 Yard .. 

1 Square focb 

1 Square foot 
1 Square yard .. 
1 Cubic inch 

1 Cubic foot 
1 Cubic yard 
1 Pound (16 ot.).. 
1 Owt. (112 lbs.).. 
1 Ton (20 ewts.) .. 
I CaUon .. 

1 .. .. 

1 .. 

1 .. 
1 Cubld^ inch tof 
water.. 

1 Cubic Inch ,pl 
water .. 

1 Cubic foot of 
water .. 

1 Cubic foot of 
water .. 

1 Cubic foot of 


.030 loch 
30.S7 Inches 
3280.9 feet 
.1^ sq. inch 
10.70 square feet 
.061 cubic inch 
35.3 cubic feet 
1.76 pinta 
.22 qallona 


s 26.4 millimetres 
s .305 metre 
s .914 metre 
: 6.451 square centi* 
metres 

s .093 square metre 

s .886 square metre 

s 18.386 cubic conU* 
mcti^ 

s .028 cubic metre 
= .764 cubic metre 

s .454 klloqramine 
s 60.80 klloirrammes 
: 1,016 kilogrammes 
= 10 lbs. 

s 277.27 cubic inches 
s .16 cubio foot 
; 4.54 litres 


l*Lltro _ 

1 Litre .. 

1 Litre .. .. s 

1 KiloRromroe .. s: 
1 Kilogramiie per 
square 0 /m s: 
1 Kilogramme per 
square luotro s 
1 Calorie per kllo- 
gramme .. ss 

1 Cubic foot of 
water .. X 
1 Cubic foot of 
water .. s- 
1 Cubic foot of 
water .. s 
1 Foothead .. : 

1 Pound of waters 

1 ,1 ,, a 

1 Cwi. Of water a 
1 .» ..a 

1 Ton ,, s 

1 ». ,» a 

1 .> ..a 


i.O kllognmme 
61.0 cubic inclw« 
.035 cubio loot 
2.2 lbs. ^ 

14.22 lbs, ^ yq, 

.205 lbs. per iq. 


.036 lbs. 

= .0086 gallons 


=s 6.24 gallons 
28.32 litres 


water .. .. sa .028 cubic metre 

1 Cubic foot of 1 < 

water .. .. ss .557 cwt. 

To COKVBRT— 

Lbs. per square inch 

X 

.07 

Lbs. per square foot 

X 

4.88 

Kilos per square c/m. 

X 

14.2 

Kilos per square metre 

X 

0.2 

Grains per gallon 

X 

0.014 

Grammes per litre 

X 

73.09 

Galloiri pu square foot 

X 

48.91 

Litres per square metre 

X 

0.02 

Beat units 

X 

0.252 

Calories 

y 

3.968 


1 Cubic metre of 
water .. s 
1 Cubic nmtrc of 
water .. s 
1 Cubic metre of 
water ,. = 
1 Cubic metre of 
water ,. & 
1 Cubic metre of 
water ,. e 
1 Cubic metre of 
Water .. s 


water 


1.8 B.T.tr. per ft. 
.028 ton 

: 62.43 lbs. at 89.1* P. 

: e2..35 lbs. at 62° F. 
2 .434 Ibe. per sq. In. 

: 27.72 cubic locltes 
.10 gallon 
11.2 gaUoiu 
1.80 cubic feet 
: 35.07 cubic feet 
224 .gallons 
l.OOdlltros 

= I oi&>- 

1.31 cubic yards 
61,028 cubic inches 
cubic feet 
I.OOO kilos (at 4* C.) 

1 ton (approx.) 
1,000 Utztt 


Kilos per squw c/m. 
Kilos per squue metre 
Lbs. per square inch 
Lbs. per squire foot 
Grammes perlltre 
Qmlns pgr gallon 
litres per squaresmetn 
Gallons per square foot 
.Calories 
'Heat units ^ 


9.t 


( 387 ) 
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English Weights jtOn Metmcat Eqigvalents. 


O _ I 


CwtB. 

Elios. 

. Gtvts. 

-fc 

'Kilos. 

t . 

Tons. 


Tona.i 

0 

Kilos.. 

Ton|f 

t 

Kilos. 

1 

61 

. *1 

669 

1 


12 

li!193 

36* 

35562 

2 

102 

12 

I'l-O 



13' 


40 

40r42 

8 

152 

. 13 


S 

r()48 

14 

1422!) 

45 

46722 

4 

2U8 

It 

711 

4 

^04 

15 

*15241 


50802 

1 


11 

m 

8 


19 

IHiT 

H 

Misar 

9 

306 

16 

813 

6 

0095 

17 

I7273r 

60 

60963 

r. 

860 ^ 

17 ' 

864 

7 

7112 

18 

18289 

65 

66048 

a • 

406 

18 

914 

8 

8128 

19 

19.305 

70 

^ .7ur3 

9 

457 

19 

965 

9 

9144 

20 

20321 


81284 

10 

Ml 

•... 

— 

19 

4 9110 

U 

25491 

•9 

91444 



— t 


' 11 

V 

11170 

30 

30481 


loieu5 


Weights of Boilding Materials. 


A bushel of chalk lime (dry) weighs 50 lbs., and a bushel 
of stone lime (dry), 56 1^. A measure is 1 oub. yd., and 
contains eighteen Wped bushels, or twenty-three striked 
bushels; from this the weights can be calculated. A bushel 
of Portland cement (dry) weighs from 105 16. to 110 16. A 
bushel of hair for plaster, 14 16s. to 15 16s. A load of 600 
bricks, 9 in. by 4J in. by 2i in., weighs about 32J cwt., and 
a load of J,000 plain tiles, 10^ in. by in. by | in., weighs 
about 23 cwt.; a load or cubic yard of sand, 26 cwt. to 
28i cwt.; the same quantity of building mortar mixed 
^‘iSemi-dry), 24 cwt. to 26 cwt. Approximately, ‘fls .filled 
into carts, 21 cub. ft. of river sand weigh a ton; pit sand 
requires 22 oub. ft. to weigh a ton, under the same conditions. 


21 cub.^’ft. 

of river sand 

= 1 ton approximately 

22 

pit san4 

= » II 

22 

Thames ballast 

“ » « 

21 

gravel , 

= i» II 

60 

ashes 

ss „ „ 

26i 

shingle 

== II 11 




The weight of sand as given by different authorities ranges 
as follows:—Pit sand, 90 16. to IQp 16. per oubio foot; 
Thames, 91 16. to 10£ 16.; river sand, 117 16. to 118 16. 
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DEfliHAL Fm^noMS of ^ Lnnui. Inc9' in 
. • I Millimetbks. 


• • 

InoM 

_1 

Milli- 
, mAres 

' Inch 

• 

<11911-% 

^netres 

• 

Inch • 

luetres 

• 

.01 

• 

t 

. • 

.39 

■Rin 


1 19,658 

.02 

’ .608 

.40 



19.812 

.03 

.162 

.41 


KM 

, 20.066 

%04* 

1.016 

.42 


.80 

20.320 

.06 • 

1.270 

.43 


.81 . 

20.674 

.06 

1.254 

.44 

11.176* 

.8» 

20.828 

.07 

1.778 

.45 

11.430 

.83* 

21.082 

.08 

2.032 

.46 

11.684 

.84 

21.836 

.09 

2.286 

' .47 

11.938 

• .86 

21.694 

.10 

2.540 

.48 

12.192 

.86 

21.8*44 

.11 

2.794 

.49 

12.446 

.87 

22.098 

.12 

3.048 

.50 

12.700 

.88 

22.362 

.13 

3.302 

.51 

12.954 

.89 

22.606 

M4 

3.556 

.62 

13.208 


22.860 

.15 

3.810 

.63 

13.462 

.91 

23.114 

.16 

4.064 

.54 

13.716 

.92 

23.368 

.17 

4.318 

.65 

13.970 

.93 

23.622 

.18 

4.672 

.56 

14.224 

.94 

23.876 

.19 

4.826 

.57 

14.478 

.96 

24.130 

.20 

6.080 

.58 

14.732 

.96 

24.384 

.21 

6.334 

.59 

14.986 

.97 

• 24.638 

.22 

5.688 

.60 

15.240 

.98 

24.892 

.23 

.^.842 

.61 

16.494 

.99 

25.146 

.2* ' 

(V096 

1 .62 

15.748 

1.00 

25.400* 

.25 

6.360 

.63 

16.002 

2.00 

60.799 

.26 

6.604 

.64 

16.256 

3.00 

76.199 

.27 

6.868 

.66 

■TXTTiH 

4.00 

101.698 

.28 

7.112 

.66 


6.00 ^ 

126.998 

.29 

7.366 

.67 


6.00 

152.397 

.30 

7.620 

.68 

17.272 

7.00 

177.797 

.31 

7.874 

.69 

17.626 

8.00 

203.196 

.32 

8.128 

.70 


91,00 

228.696 

.33 

8.382 

.71 


10.00 . 

263.995 

.34 

8.636 

.72 

18.288 

11.00 

279.395 

.36 

8.890 

.73 

18.542 

12.00 V 


.36 

9ai4 

.74 

18.796 

= 1 frtbt j 


.37 

9.398 

.75 


— 


.38 

9.662 

• 

.76 

. 


’ - • 

• 
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Metbbs 


' tt ' 

Metres 

i 

«• 

Yards 

ifotres 

Yards • 

* 1 
Metres 

Y^rds 

r- 

e 

‘ l.OM 

35 

/ 

38.277 

« 

68 

74.366# 

2 

2.188 

36 

,,39.370 

69 

75*460 

3 

3.2ei 

f-7 

40.464 

70 

76.663 

« 

4.374 

38 I 

41.558 

71 

77.647 


5.468 

39 

42.651 

72 

78.741 

6 

6.662 

40 

43.746 

73 

79.834 

V 

7.655 

41 

44.838 

74 


8 

8.749 

42 

45.932 

75 


9 

9.843 

43 

47.026 

76 

83.115 

10 

10.936 

44 

48.119 

77 

84.209 

11 

12.030 

45 

49.213 

78 


12 

13.123 

46 

50.306 

79 

86.396 

13 

14.217 

47 


80 


14 

16.311 

48 

52,494 

81 


15 

16.404 

49 

63.687 

82 

89.677 

16 

17.498 



83 


17 

18.591 

51 

65.775 

84 

91.864 

18 

, 19.686 

52 

56.868 

85 


19 

20.779 

53 

57.962 

86 


20 

21.872 

54 


87 

95.145 

21 

23.966 

66 


, 88 

* 96.a39 

22 

24.060 

66 

61.243 

89 

97.332 

23 

25.163 

67 

62.336 


98.426 

24 

26.247 

58 

63.430 

91 

99.519 

25 

•■^.340 


64.524 

92 

100.613 

26 

28.434 

60 

66.617 

93 

101.707 

27 

29.628 

6f 

66.711 

94 


28 

30.621 

62 

67.804 

95 


29 

31.715 

63* 

68.898 

96 

104.987 

30 

32.809* 

64 

69.992 

97 


31 

33.902 

65 

71.085 

98 

■ 

32 

34.996 

66 

72.179 

99 

■ 

33 

36.089 

67 

73.272 

100 


34 

■ 37.183 

— 

- • 

1 “ 

' — 
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PoUNDff PBB Eq. JEn/iN KnOGRAfiS jPHE Sq. CeNT. 

tettodfl ^ Kiloicilne Pounds i.K^tH'Ans Pounds KUoKrams Pounds lAlogmns 

persq. pvr square per rq. per* il,unn) ipcr sq. persaunte per sq. ner square* 

incli centlmetra inch ceuttimtro I.ch ccntifnetre jnch ^ntimetre 

---- 1 ,_ X _ 

1 0.0703 41, 2.8826 81 5.6948 205 14.4m 

2 0.1406 42 2.'95§9 \82 5.7652 210 14.7646 

3 ,0.2109 43 3.0232 '83 6.8365 215' 15.1160 

4 0.2812 . 44 3.0936 84 5.9068 ‘.i20 15.4676 

<5 0.3516 46 3.1638 85 5.9761 226 1S.«MI1 

6 0.4218 46 3.2341 86 6.0464 230 b 6.1706 

7 0.4921 V 47 3.SD44 87 6.1167 236 16.6221 

8’ 0.6624 48 3.3747 88 6.1870 240 16.8737 

9f 0.6328 49 3.4450 89 6.2673 245 17.2262 

10 0.7031 60 <, 3.5153 90 6.3276 250 17.5767 

ir 0.7734 61 3.6856 91 6.3979 265 17.9283 

12 0.8437 62 3.6559 92 6.4682 260 18.2798 

13 0.9140 53 3.7263 93 6.5385 266 18.6313 

14 0.9843 54 3.7966 94 6.6088 270 18.9829 

16 1.0546 66 3.8669 96 6.6722 276 19.3344 

16 1.1249 56 3.9372 96 6.7496 280 19.6860 

17 1.1952 67 4.0076 97 6.8198 286 20.0376 

18 1.2656 68 4.0778 98 6.8901 290 20.3890 

19 1.3368 69 4.1481 99 6.9604 296 20.7406 

20 1.4062 60 4.2184 100 7.0307 300 21.0921 

21 1.4764 61 4.2887 106 7.3822 310 21.7961 

22 1.5467 62 4.3590 110 7.7338 320 22.4981 

23 1.6171 63 4.4293 115 8.0853 330 23.2012 

24 19874 64 4.4996 120 8.4368 340 23.9043 

'—26 1.7577 66 4.6699 126 8.1884 3g6’*24.6073 

26 1.8280 66 4.6402 130 9.1399 360 259104 

27 1.8983 67 4.7106 135 9.4914 370 26.0136 

28 1.9686 68 4.7809 140 9.8430 380 26.7166 

29 2.03tef 69 4.8512 145 10.1946 390 27.4196 

30 2.1092 70 4.9216 160 109460 400 28.1227 

31 2.1796 71 4.9^18 165 10.8976 410 28.8268 

32 2.2498 72 6.0621 160 11.2491 420 29.6288 

33 2.3201 c73 5.1324 166 11.6006 430 30.2319 

34 2.3906 74 6.2027 170 11.9522 440 30.9360 

35 2.«07 76 5.2730 176 129037 460 31.6380 

36 293K) 76 6.3433 180 12.6553 460 329411 

• 37 2.6013 ‘ 77 6.4136 185 13.0068 470 33.0442 

38 2.6717 78 6.4939 190 43.3583 480 33.7487 

39 2.7420 79 •6.'5642 196 13.7099 490 34.4503 

40 2.8123 80 , 6.6246 2(50 ,14.0614 600- 36.1633 


INDEX 


rAoB 

90 
2S8 
221 
281 
375. 
. 2 ^ 

f..' 68 

. 26» 

22, 23,122, 221, 242 
... 242,291,202 
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Aalborg Kilif ... ... ... • 

AbtA'ption and Specific Gravity ... ... 

AbaorptioD of Carbon Dioxide jjy Cement on Aeration 
Accelerated Teste ... ...» ... . 

Accelerated Tests—United Statee»S.ST ... ... 

Acid Constituents of Cement 
Acid Solution for T^ration Test 
Adie Testing Machine ... «... 

Adulterants 

Adulteration and Specific Gravity 
Aeration of Cement 
Aeration and I.e Chatelier Test 
^.Aeration and Specific Gravity 
Ageing of Cements and Concretes ... 

Aggregates 
Air-set Cement 
•Air and Itotary Kiln 

Alit . . 

Alkali-Waste, use as Haw Material 
Alkalies in It.M. Analysis 
Alumina in Chalk Analysis 
Alumina in Clay .Analysis 
Alumina in It.M. Analysis 
Alumina in Cement 
AlpjniM fn Cement—Bichardson 
Alumina ifi Uaw ft^aterials 
Alumina a% .Acid Constituent 
Alumina and Oxide of Iron in Cement by Analysis 
Alumina, Silica and Idme Compounds in Cemen^ 

Alumina—Function in Burning Raw Materials ^ 

Alumina—^Function in Cement 
Alumina—Percentage in Firebricks’for liining 
Aluminate of Calcium in Cement ... 

Aluminates and Silicates of Lime y Portland Cement 1.7, 89,195, 210 
America—Analysis of Baw Materials .✓ ... ^5 

America—^Process of Manufacture in ... •.. 13, 17,^^ 

American Bureau of Standards and Waterproof Concrete ... 228 

American Soe. C.F,. and Sampling of Cement v*- ••• 

American Society for Testing Materials ... , . ... » 

American Soundness Tests * ... ... -.* ••• "T 

American Standard Definition of PortUnd Cement - 3 
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222, 224 
.. 216 
144 
33, .34 
89 
86 
86 
87 
81 
198 
..•*34. 
6 , 80 , 66 
27 

.. 200 
.81,195 
89 

.. 198 

.. 112 
196, 210 
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INDEX 


AdetioiD Staqdud 

Anuler-LsSon Appirttiu fo( CompreeBion ■ ... 
AmsIer.,T./aSon Cement SetVnK Recorder ... ... 
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